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Period for Reply 



A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

• If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

• If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

• Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)13 Responsive to communication(s) filed on 14 March 2001 . 
2a)D This action is FINAL. 2b)K This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 , 453 O.G. 21 3. 

Disposition of Claims 

4) ^ Claim(s) 1-35 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) ^ Claim(s) 1-18 and 33-35 is/are allowed. 

6) ^ Claim(s) 19-32 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

£))□ The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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Application/Control Number: 09/808,716 Page 2 

Art Unit: 2631 

DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

2. Claims 20-XXX are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

3. Claims 20, 22 and 25-26 recite the limitation "the hybrid attenuator" in line 2. There is 
insufficient antecedent basis for this limitation in the claim. 

4. Claims 21, 23-24 and 27-30 are likewise rejected because they depend on a base rejected 
claim. 

5. 

6. Claim 26 recites the limitation "the non-linear attenuator" in line 6. There is insufficient 
antecedent basis for this limitation in the claim. 

7. Claim 27 recites the limitation "the second digital non-linear attenuator" in lines 3-4. 
There is insufficient antecedent basis for this limitation in the claim. 

8. Claims 28-30 are likewise rejected because they depend on a base rejected claim. 

Claim Rejections - 35 USC §102 

9. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
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international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 2 1 (2) of such treaty in the English language. 

10. Claims 19 and 31-32 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Ghanadan et al U.S. patent No 6,294,956 Bl . 

As per claim 19, Ghanadan et al teaches a receiver for a multi-carrier modulation (MCM) 
communication receiver comprising: a high power amplifier is the same as the claimed (hybrid 
amplifier) (see figs. 15, 17-20 elements 102, 104, 142, 144, 180, 182, 210-216, 274, 276 and 
col. 1, lines 40-41 and col. 7, lines 5-7) having an input for receiving a PAPR reduced MCM 
signal, the PAPR reduced MCM signal comprising a plurality of PAPR reduced data samples, 
wherein each of the plurality of PAPR reduced data samples comprise an amplitude value, and 
the hybrid amplifier having an output for providing a PAPR restored MCM signal comprising a 
plurality of PAPR restored data samples, wherein each of the plurality of PAPR restored data 
samples comprises a restored amplitude value (see col.2, lines 40-47 and col.3, lines 10-25 and 
col. 5, lines 45-67 and col.6, lines 30-67 and col.7, lines 50-67 and col.8, lines 21-51 and col.9, 
lines 17-67 and col.l2,lines 35-67 and col. 13, lines 1-17 and col. 14, lines 15-32 see also cols. 16- 
19). 

As per claims 3 1-32, Ghanadan et al does teach a digital signal processor (see col. 12, line 

51). 

Allowable Subject Matter 

1 1 . Claims 1-18 and 33-35 are allowed over the prior art of record. 

12. Claims 20-30 would be allowable if rewritten to overcome the rejection(s) under 35 
U.S.C. 1 12, 2nd paragraph, set forth in this Office action and to include all of the limitations of 
the base claim and any intervening claims. 
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13. The following is a statement of reasons for the indication of allowable subject matter: 
The prior arts of record fail to anticipate or render obvious the following recited features: he 
hybrid amplifier for linearly amplifying the normalized amplitude values of at least some of the 
plurality of normalized data o samples when the amplitude values of the at least some of the 
plurality of normalized data samples satisfy the predetermined amplitude value criteria, and the 
hybrid amplifier for non-linearly amplifying normalized amplitude values of some other of the 
plurality of normalized data samples when the normalized amplitude values of the at least some 
5 other of the plurality of normalized data samples do not satisfy the predetermined amplitude 
criteria, and for producing a plurality of amplified amplitude values, the hybrid amplifier having 
an output for providing a MCM signal comprising the plurality of amplified amplitude values as 
recited in claim 1. Attenuating the amplitude value of the received amplified amplitude values 
non-linearly in accordance with a first non-linear function when the received amplified 
amplitude values are greater than the maximum amplitude value; comparing the amplified 
amplitude values with the minimum amplitude value; g) attenuating the amplified amplitude 
values non-linearly in 50 accordance with a second non-linear function when the amplified 
amplitude values are less than the minimum amplitude value; and providing a restored MCM 
signal comprising a plurality of P APR restored data samples representing the linearly attenuated 
amplitude values, and the non-linearly attenuated amplitude values in accordance with the first 
and the second non-linear functions as recited in claims 33 and 35. 
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Conclusion 

14. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

Hamilton-Piercy et al U.S. patent No 5,809,395 teaches a remote antenna driver for 
radiotelephony system. 

Frank et al U.S. patent No 6,636,555 Bl teaches an amplitude limitation. 

Shastri et al U.S. patent No 6,128,350 teaches a method and apparatus for reducing peak to 

average power. 

Luz U.S. patent No 5,783,969 teaches a method and system for preventing an amplifier overload 
condition. 

Sarraf U.S. patent No 6,157,812 teaches a system and method for enhanced satellite payload. 

McAlear U.S. patent No 6,598,232 Bl teaches a hybrid amplifier regenerator. 

Feher U.S patent no 6,757,334 Bl teaches a bit rate agile third generation wireless CDMA. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Emmanuel Bayard whose telephone number is 703 308-9573. 
The examiner can normally be reached on Monday-Friday (7:Am-4:30PM) Alternate Friday off 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Mohammed Ghayour can be reached on 703 306-3034. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Emmanuel Bayard 
Primary Examiner 
Art Unit 2631 ^ 

8/1 1/04 ^^^^^-^ ' 
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BIT RATE AGILE THIRD-GENERATION Phase Shift Keying (OQPSK) also designated as Staggered 

WIRELESS CDMA, GSM, TDMA AND OFDM Quadrature Phase Shift Keying (SQPSK), and pi/4-QPSK 

SYSTEM (or ji/4-QPSK) techniques including differential encoding 

variations of the same. See publications [1-23] and refer- 

RELATED APPLICATIONS 5 enced patents [P1-P8] for examples and further description. 

For spectrally or spectrum efficient signaling (such as band- 

This application claim the benefit under 35 U.S.C 119(e) limited signaling), these conventional methods exhibit a 

of U.S. Provisional Patent Application Serial No. 60/095, large envelope fluctuation of the modulated signal, and thus 

943 entitled "FQPSK TRANSCEIVERS" filed 10 Aug. have a large increase in peak radiated power relative to the 

1998 [PP3]; and incorporated herein by reference. 1Q average radiated power. For these reasons such systems are 
Other related U.S. Patent Applications are co-pending not suitable for BRA, robust BER performance NLA oper- 

U.S. Utility patent application Ser. No. 09/111,723 [PP1] ated RF power efficient systems. 

filed 8 Jul 1998 and entitled "FMOD TRANSCEIVERS Within the present state of the technology, for numerous 

INCLUDING CONTINUOUS AND BURST OPERATED BRA Transceiver applications, it is not practical to introduce 
TDMA, FDMA, SPREAD SPECTRUM CDMA, WCDMA 15 band-pass filtering after the NLA power efficient Radio 

AND CSMA"; United States Provisional Patent Application Frequency (RF) final amplifier stage. Here we arc using the 

Serial No. 60/098,612 [PP2] entitled "FK MODULATION term "Radio Frequency" (RF) in its broadest sense, implying 

AND TRANSCEIVERS INCLUDING CLOCK SHAPING that we are dealing with a modulated signal The RF could 

PROCESSORS'* filed 31 Aug. 1998; each of which is hereby be, for example, as high as the frequency of infrared or fiber 

incorporated by reference. 20 °P^ C transmitters; it could be in the GHz range, for example, 

between 1 Ghz and 300 GHz or more, or it could be in the 

FIELD OF THE INVENTION MHz range, for example, between about 1 Mhz and 999 

. 11 » d-»d» a i /dda\ MHz, or just in the kHz range. The term RF could even 

Tins invention relates generally to Bit Rate Agfle (BRA) { to Q^fatwc Modulated (abbreviated «QM" or 

signal processors; more particularly to cross^orrelated s^- "QMOD") Base-Band (BB) signals or to Intermediate Fre- 

nai processors for increasing RF spectral and power effi- 23 qucncy (rp) signals. 

ciency of modulated transmitted signals including but not T , * ™„ nnpir AAnc „ o^^o^- 

i- *i * a- •* 1 w j- % , , , In conventional BPSK, QPSK, OQPSK or SQPSK, and 

limited to digital binary, digital multilevel, and/or analog Al „ , , r t -2 , . . . 

, . , , . . - 1- - j j - differentially-encoded phase-shift keying systems variants 

modulated signals operated in linearized and in power- - . ; . r /"^v n 

a- . ^ - T r ' 1 a i d j s^tt i\ j of these systems, such as DBPSK and DQPSK, as well as in 

efficient Non-Linearly Amplified (NLA) systems; and most ... % ^ n . , , / , 

_^ , . 4 T%n a j r»r a 1 ^ j j „ 30 pi/4-DQPSK and trellis coded QPSK and DQPSK, large 

particularly to BRA and RF Agrie Cascaded Time Con- M v . a ^ ^ 1 • j rw . . 

krained Signal (TCS) respond Long Response (LR) f. nvek> P e fluC ^ Utl0nS ^ °1 ^ 

filtered and Mis-Matched (MM) filtered (ACM)quadrature J?" *™x™*>ts ujcludmg frequency up<onverters and 

, c_ j 1 • . j . . , 1 ' RF power amplifiers and may require expensive linear 

phase, frequency and amplitude modulated Transmitter, : • . * . . V, • ^ _ , ✓ A 

„ / ^ , _/ r 4 . . . ^ receivers having linear Automatic Gain Control (AGO 

Receiver, and Transceiver systems having these character- . *tt a j *u j • 

j tl _ , , , Tr ■ 1 1 3 c circuits. A transmitter NLA reduces the time domain enve- 

lstics and methods and procedures provided thereby. . „ „ . - . . Anc „ 4 ... . , 

r r J lope fluctuation of conventional QPSK type of band-limited 

BACKGROUND OF THE INVENTION signals and this reduction of the envelope fluctuation, being 

a signal distortion, is the cause of spectral restoration or 

The most important objectives of wireless spectral regrowth and the cause of unacceptably high levels 

communications, broadcasting, telemetry, infrared and in 40 of out-of-band spectral energy transmission, also known as 

general "radio" systems as well as "wired" systems include: out-of-band interference. Additionally, for conventional 

power and bandwidth or spectrum efficiency combined with BPSK, QPSK, and also Quadrature Amplitude Modulation 

robust Bit Error Rate (BER) performance in a noisy and/or number (QAM) signals, undesired in-phase channel (I) to 

strong interference environment. These system objectives quadrature channel (Q) crosstalk is generated. This crosstalk 

are specified in numerous systems including wireless com- 45 degrades the BER-fifEj/N^) performance of the modulated 

munications and cellular systems, satellite systems, mobile radio transmitter. 

and telemetry systems, broadcasting systems, cable, fiber Experimental work, computer simulation, and theory 

optics and practically all communication transmission sys- documented in many recent publications indicates that for 

terns. A partial list of publications, references, and patents band-limited and standardized BPSK, QPSK, OQPSK or 

are provided separately below. The cited publications, ref- 50 SQPSK or pi/4-QPSK, and QAM system specifications, 

erences [1-23] and patents [P1-P8], and the references very linear amplifiers are required to avoid the pitfalls of 

within the aforementioned publications contain definitions spectral restoration and of BER degradation. Linearized or 

and descriptions of many terms used in this new patent linear amplifiers arc less RF power efficient (during the 

disclosure and for this reason these conventional terms and power "on" state, power efficiency being defined as the 

definitions will be described only briefly, and highlighted on 55 transmit RF power divided by DC power), are considerably 

a case by case basis. more expensive and/or having less transmit RF power 

Robust or high performance Bit Error Rate (BER) speci- capability, are larger in size, and are not as readily available 

Gcations and/or objectives are frequently expressed in terms as NLA amplifiers. The advantages of NLA over LIN 

of the required BER as a function of Energy per Bit (Eb) amplifiers are even more dramatic at higher RF frequencies, 

divided by Noise Density or simply noise (No), that is, by 60 such as frequencies above about 1 GHz for applications 

the BER=f(Eb/No) expression. Low cost, reduced size, and requiring low dc voltage, for example applications or sys- 

compatibility and/or interoperability with other conven- terns operating on size "AA" batteries having only 1.5 Volt 

tional or previously standardized systems, also known as dc and for high RF modulated power requirements, for 

"legacy systems," are highly desired. Several standardiza- example transmit RF power in the 05 Watt to 100 Watt 

tioo organizations have adopted modulation techniques such 65 range. 

as conventional Binary Phase Shift Keying (BPSK), Published references [PI to P8] and [1 to 23] include 

Quadrature Phase Shift Keying (QPSK), Offset Quadrature additional background information. These references 
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include descriptions of binary-state and multiple -state 
Transmitter/Receiver (Transceiver) or for short ("TO") sys- 
tems that are suitable for NLA. In the aforementioned 
references Processors, Modems, Transmitters, Receivers 
and Transceivers, suitable for NLA, have been described, 
defined and designated as first generation of Feher patented 
Quadrature Shift Keying (FQPSK). For example, in refer- 
ence [22] published on May 15, 1999 the authors Drs. M. K. 
Simon and T. Y. Yan of JPL/NASA-Caltech present a 
detailed study of Unaltered Feher-Patented Quadrature 
Phase Shift Keying (FQPSK). In references [1-22] and 
patents ^Pl-P8] numerous first generation FQPSK tech- 
nology based terms, and terms other than the FQPSK 
abbreviation/acronym have been used. In addition to 
FQPSK Transceivers, these first generation of systems have 
been also described and/or denned as: Feher's Minimum 
Shift Keying (FMSK), Feher's Frequency Shift Keying 
(FFSK), Feher's Gaussian Minimum Shift Keying 
(FGMSK), Feher's Quadrature Amplitude Modulation 
(FQAM) and/or Feher's (F) Modulation/Amplification 
(FMOD). Additionally terms such as Superposed Quadra- 
ture Amplitude Modulation (SQAM), Intersymbol Interfer- 
ence and Jitter Free (UF) and/or UF-OQPSK have been also 
described in Feher et al's prior patents and publications, 
each of which is incorporated by reference. 

In the cited patents and other references, among the 
aforementioned abbreviations, acronyms, designation, terms 
and descriptions the "FQPSK" abbreviation/term has been 
most frequently used to describe in most generic terms one 
or more of these afore described Feher or Feher et aL first 
generation of Non-Line arly Amplified (NLA) inventions 
and technologies. The 1st generation of FQPSK systems 
have significantly increased spectral efficiency and 
enhanced end-to-end performance as compared to other 
NLA systems. RF power advantages, robust BER 
performance, and NLA narrow spectrum without the pitfalls 
of conventional BPSK and DBPSK, QPSK and OQPSK 
have been attained with these 1" generation FQPSK systems 
and methods. The generic I s ' generation terms such as 
FQPSK, as well as other previously mentioned terms/ 
acronyms are retained and used in this description to 
describe the new BRA, Code Selectable (CS), Modem 
Format Selectable (MFS) and modulation-demodulation 
Mis-Matched (MM) filtered architectures and embodiments 
of "2 nd generation" FQPSK Transceivers. 

While these earlier issued patents and publications 
describe material of a background nature, they do not 
disclose the original new enhanced performance bit rate 
agile and modulation agile/selectable technologies disclosed 
in this oew Invention. 

PARTIAL LIST OF RELEVANT LITERATURE 

Several references, including United States Patents, Inter- 
national or Foreign Patents, publications, conferences 
proceedings, and other references are identified herein to 
assist the reader in unerstanding the context in which the 
invention is made, some of the distinctions of the inventive 
structures and methods over that which was known prior to 
the invention, and advantages over the invention. No rep- 
resentation is made as to whether the contents of the cited 
references represent prior-art as several of the cited refer- 
ences have a date after the effective filing date (priority date) 
of this patent application. This list is intended to be illus- 
trative rather than exhaustive. 
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United States Patents 

[PI] U.S. Pat. No. 5,784,402 Issued July 1998 to Feher 
[P2] U.S. PaL No. 5,491,457 Issued February 1996 to 
Feher 

[P3] VS. Pat. No. 4,720,839 Issued January 1988 to 
Feher et aL 

[P4] U.S. Pat No. 4,644,565 Issued February 1987 to 
Seo/Feher 

[P5] VS. Pat No. 4^67,602 Issued January 1986 to 
Kato/Feher 

[P6] U.S. Pat. No. 4350379 Issued September 1982 to 
Feher 

[P7] V S. Pat. No. 4^39,724 Issued July 1982 to Feher 
[P8] U.S. PaL No. 3,954,926 Issued March 1976 to Feher 

Foreign Patent Documents 

[PF1] Canadian Patent No. 1130871 August 1982 
[PF2] Canadian Patent No. 1211517 September 1986 
[PF3] Canadian Patent No. 1265851 February 1990 

Other Publications 

1. Feher, K.: Wireless Digital Communications: Modulation 
Spread Spectrum. Prentice Hall, 1995. 

2. Feher, K.: Digital Communications: Satellite/Earth Sta- 
tion Engineering. Prentice Hall, 1983. Available from 
Crestone Engineering — Noble Publishing, 2245 Dillard 
Street, Tucker, Ga. 30084. 

Feher, K.: Advanced Digital Communications: Systems 
and Signal Processing. Prentice Hall, 1987. Available 
from Crestone Engineering — Noble Publishing, 2245 Dil- 
lard Street, TVcker, Ga. 30084. 

4. Feher, K.: Digital Communications: Microwave Applica- 
tions. Prentice Hall 1981. Since 1997 available from 
Crestone Engineering — Noble Publishing, 2245 Dillard 
Street, Tucker, Ga. 30084. 

5. Feher, K. and Engineers of Hewlett-Packard: Telecom- 
munications Measurements, Analysis, and Instrumenta- 
tion: Prentice Hall 1987. Since 1997 reprints have been 
available from Crestone Engineering — Noble Publishing, 
2245 Dillard Street, Tucker, Ga. 30084. 

6. Feher, K., Emmenegger, H.: "FQPSK Use for Electronic 
News Gathering (ENG), Telemetry and Broadcasting,'* 
Proc. of the National Association of Broadcasters 
NAB* 99 Broadcast Engineering Conference, Las Vegas, 
Apr. 19-22, 1999. 

7. Feher, K: "FQPSK Doubles Spectral Efficiency of Opera- 
tional Systems: Advances, Applications, Laboratory and 
Initial Air-to-Ground Flight Tests" (Date of Submission: 
Aug. 14, 1998). Proc. of the International Telemetry 
Conference, ITC-98 1TC/USA98, San Diego, Calif., Oct. 
26-29, 1998. 

8. W. Gao, S. H. Wang, K Feher: "Blind Equalization for 
FQPSK and FQAM Systems in Multipath Frequency 
Selective Fading Channels," Proc. Internal. Telemetry 
Conf ITC/USA'99 Oct. 25-28, 1999, Las Vegas, Nev. 

9. Tenriev, G., Feher, K: "Adaptive Fast Blind Feher Equal- 
izers (FE) for FQPSK," Proc. Of the International Telem- 
etry Conference ITC/USA'99, Oct. 25-28, 1999, Las 
Vegas, Nev. 

10. Feher, K: "FQPSK Transceivers Double the Spectral 
Efficiency of Wireless and Telemetry Systems'* Applied 
Microwave & Wireless Journal, Jun. 1998. 

11. Seo, J-S. and K. Feher: "Bandwidth Compressive 
16^State SQAM Modems through Saturated Amplifiers," 
IEEE Radio Commun., /CC'86, Toronto, June 1986. 
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12. Kato, S. and K. Fehcr: "XPSKj A new cross-correlated references, are retained and/or slightly modified and are used 
PSK," IEEE Trans. Com., May 1983. relative to this disclosure of the new invention to describe 

13. Law, E L., U.S. Navy: "Robust Bandwidth Efficient second generation u T d generation" BRA architectures and 
Modulation" European Telemetry Conference, ETC-98, embodiments of FQPSK, FGMSK and FQAM Transceivers. 
Germany, May 1998. 5 This disclosure contains embodiments for further significant 

14. Feher, KL: "FQPSK Doubles the Spectral Efficiency of spectral savings and performance enhancements, and new 
Operational Telemetry Systems," European Telemetry functions and architectures, which were not, included in the 
Conference, ETC-98, May 1998, Germany. referenced prior art patents, inventions and publications. 

15. Do, G. and K. Feher "FQPSK-GMSK: Wireless System BRA or "Bit Rate Agile" abbreviation and term describes 
Tests an ACI Environment, " Proc. of Wireless 10 technologies, implementations, embodiments suitable for 
Symposium, Santa clara, Calif., Feb. 9-13, 1998. design, use and applications in which the information rate, 

16. Law, E. and K. Feher "FQPSK versus PCM/FM for source rate , or the often used alternative terms "bit rate", 
Aeronautical Telemetry Applications: Spectral Occu- "symbol rate", or "data rate" may be selectable or program- 
pancy and Bit Error Probability Comparisons" Proc. of mable by tnc user or by one or more control signal(s). Bit 
/rC-97, Las Vegas, October 1997. 15 Rate Agile (BRA) systems may be programmable by soft- 

17. Feher, K "FQPSK Doubles Spectral Efficiency of Telem- ware or have redetermined or "selectable," i.e., "agile" bit 
etry: Advances and Initial Air to Ground Flight Tests," rate applications. The term "bit rate agility" refers to vari- 
ITC/USA98, Proc. of the IrUernat. Telemetry Conference, Mc ^d/or flexible selectable bit rates (again bit rate, 
San Diego, October 1998. symbol rate, data rate, information rate, source rate, or 

18. Law, E. and K. Feher "FQPSK versus PCM/FM for 20 equivalent); the bit rates could be selected on a continuous 
Aeronautical Telemetry Applications; Spectral Occu- fashion in small increments and/or in steps. These systems 
pancy and Bit Error Probability Comparisons," Proc. of are designated as BRA (or Bit Rate Agile) systems. BRA, 
the Internal. Telemetry Conf^ Las Vegas, Nev., Oct. MFS, and CS systems requirements are increasing at a rapid 
27-30, 1997. ra te. 

ton Study at NASA/JPL, Proc. of the Trachng, Telem- ^^n b ^ a Time Constrained Signal (TCS) 

fZnt^^i*^ Conference, European Space ntpmac processors ^ T CS Id Long 

™ r ^ JTV™ S' • ^ • a,. . Response (LR) processor and/or post processor filters of 

20. Law, E. L-, ITC-98 Session Chair: RCC Alternate - ~T„„ ,\ K . „ _ /r w u , r „„ . 

o. j _j jmi^i/K _j.»n-c . „ „ , . m-phase (I) and quadrature (Q) phase signals of BRA 

Sta^a^rRIG106upda^B™fi^byl^Dd^ng 30 j^i^i MFS and CS baseband sigrSTptocessing 

SSbf r lS/ Conference, San D.ego, ^ 3,^^ fo r tunable^ frequency 

11 v v u «mncv r\ ui i r-«r • c embodiments having enhanced spectral efficiency and end- 

^ * ? « ? % . r°Z performance are disclosed TT.ese new BRA, MFS 

Or*ranonal Systems: Advances, Ar^hcations, Laboni- and ^ classes of FQPSK ^ x processors, modems and 

tory and InitmlAu "to .Ground aght Tests Fde: ITC.98^ 35 n-jnscejvei^ ^th Adaptive Antenna Arrays (AAA) and RF 

Final Paper Rev. 5 A-g. 14, 1998 (Date of SubmisHon) efficienl ^ ^ Xra ^ ' Q ^ 

for pubhcation in the Proc. of the Intermt^Teleme- fa m ^ or ^ mod ^ ^ntionJy Mis- 

tenng Conference, rTC-98; San Diego, Oct. 26-29, 1998 Ma(ch £, ^ modulation md ^J,^ 

22 Sm M. K, Yan,XY Performance Evduaton and mi[ BRA and BRA mt6ts/ptocessot% 

Interpretation of Unfiltered Feher-Patented Quadrature 40 . • • ... _r „ , . . . , a - a 

™. cut, tr - /mnciA „ ^ i r * , 4 - 4 4 - herein, attain nigh performance advantages and significant 

Phase-Shift Keying (FQPSK), California Institute of snectra l savins 

Technology, JPL-NASA publication, TMD Progress ^ * jf ' 

Report 42-137, Pasadena, Calif., May 15, 1999. A chan g eable a™ 0 ™ 1 of cross-correlation between the 

23. Winters, J. H.: "Adaptive Antenna Arrays for Wireless BRA md ^ S TuDC Constrained Signal (TCS) response 

Systems," Tutorial Notes presented/distributed at the 45 P rocessor and/or combmed TCS and Response (LR) 

1999 /£££ Vfe*ici/kr Technology Conference, Houston, pnx*ss°r and/or post processor filters of the transmitter with 

Tex., May 16, 1999. selectable MM between the BRA transmitter and BRA 

receiver and CS processors, including single and separate 
SUMMARY OF THE INVENTION in-phase (I) and quadrature (Q) signal storage/readout gen- 
This invention includes disclosure of new and/original so eralors md sin g! e and /° r separate I and Q channel D/A 
spectral efficient and RF power efficient-high performance architectures and a bank of switchable filters for cross- 
technologies, new architectures, embodiments and new Bit correlated BRA, MFS and CS formats are also disclosed. 
Rate Agile (BRA) implementation of 2~* generation FQPSK These new classes of 2~* generation of FQPSK signal 
Transceivers. These inventive structures, methods, and lech- processors, modems and transceivers, with Adaptive 
nologies are suitable for a large class of implementations and 55 Antenna Arrays (AAA) and RF power efficient amplifiers 
applications. Numerous embodiments of the inventive struc- and entire Transceivers, operated in BRA, MFS and CS fully 
tures and methods are enabled. These include cost effective saturated NLA mode, or with LIN mode with intentionally 
solutions for BRA, Modulation and Demodulation (Modem) Miss-Matched (MM) transmit BRA and receive BRA filters/ 
Format Selectable (MFS) and Coding Selectable (CS) processors, disclosed herein, have robust performance and 
processors, modulators/demodulators, Transceivers, having 60 significant spectral saving advantages, 
agile/tunable RF frequency embodiments and are suitable Iq addition to digital embodiments, BRA analog cross- 
for power efficient NLA systems. correlation implementations and combined digital-analog 
The terms abbreviations and descriptions used in the 1 st active and passive processors, for 2 nd generation FQPSK 
generation of Feher et. al inventions, highlighted in the Transceivers are also disclosed. Subsets, within the generic 
"Background of the Invention" section, as well as other 65 2 nd generation of the FQPSK family of processors, modems 
previously identified terms/acronyms and abbreviation and and transceivers are also designated as TT* generation BRA 
in particular FQPSK and related terms, used in the cited Feher's Minimum Shift Keying (FMSK), Feher's Gaussian 



US 6,757334 Bl 

7 8 

Minimum Shift Keying (FGMSK), Feher's Frequency Shift changeable amounts of filtering for bit rate agile in -phase 

Keying (FFSK) and Feher's Quadrature Amplitude Modu- and quadrature-phase baseband signals. The inventive 

lation (FQAM). method may also include the step of receiving an input 

Switched BRA, selectable Cross-Correlation (CC or signal and converting the input signal into the plurality of 

Xcor) transmit and receive bandwidth Mis-Matched (MM) 5 signal streams. It may also optionally include the further step 

low-pass, band-pass and adaptive filter means and controller of modulating the cross-correlated filtered in-phase and 

circuits and algorithms for preamble contained and differ- quadrature-phase baseband signals to generate a quadrature 

entially encoded and/or Forward Error Correction (FEC) modulated bit rate agile output signal, 

with Redundant and Pseudo-Error (PE) based Non Redun- In yet another aspect, the invention provides a method for 

dant Detection (NED) implementations for FQPSK are also 10 generating bit rate agile signals in a signal transmission 

described. system, where the method includes the steps of receiving a 

The term "Mis-Matched" (MM) designates an intentional plurality of signal streams, processing the plurality of signal 

and substantial mis-match (MM) between the bandwidth streams to generate cascaded lime Constrained Signal 

and/or frequency or phase response of modulator filters and (TCS) response and Long Response (LR) filtered in-phase 

demodulator filters and/or mis-match (MM) between one or 15 and quadrature-phase baseband signals; and modulating the 

more implemented FQPSK filters) and the theoretical opti- Time Constrained Signal (TCS) response and Long 

mal performance minimum bandwidth Nyquist filters. Response (LR) filtered in-phase and quadrature-phase base- 

Tbe term "Agile Cascaded Mis-Matched" (ACM) desig- band signals to generate a quadrature modulated bit rate 

nates the BRA and RF agile ("flexible" or "tunable" RF ^ 0Ut P ut si S aa1 ' 

frequency) cascaded TCS response and LR processor/ BRIEF DESCRIPTION OF THE DRAWINGS 
filters) which are mis-matched within their respective appli- 
cation and/or use within this invention. FIG. Li is a diagram depicting an Agile Cascaded Mis- 
For NLA and for UN amplifiers, selectable FQPSK Matched (ACM) enhanced spectral effidency^gh perfor- 
filtering strategies in the transmitter and separately in the „ ?"» Transn^r/Receiver (Transceiver) block cuagram 

- 1 j 7* -1. -*i«r- . ^ 25 for a generic class of modulated systems, 
receiver lead to further spectral efficiency enhancements. 

Fast synchronization systems and robust efficient adaptive nG lb mustrates a somewhat generic Transmitter (Tx) 

equalizers/adaptive switched systems are also disclosed. block-implementation diagram of the invention for bit rate 

The inventive structure and method includes transmit ******* modulation formate, foi ^hardware, fi^ware 

elements, receive elements, and transmit and receive 30 and/or software implementations including optional smgle 

elements, and may be applied to a variety of communication and multi-tone inserts at one or more locations, 

applications, including, but not limited to, wireless commu- 2 de P icts a Bit Rate (BRA) integrated Base- 

nications and cellular systems, satellite systems, mobile and Band Processor (BBP) with BRA post filters and BRA 

telemetry systems, broadcasting systems, cable system, fiber quadrature modulators. Signal splitting and serial/parallel 

optic systems, and more generally to nearly all communi- 35 BRA converters and TCS response processors in cascade 

cation transmission and/or receiving systems. ^ mter processors, which axe MM enhancements and 

In one embodiment of the invention, a bit rate agile * P ** atS [P1 ^ ^ ^ ak ° 

communication system is provided and includes a splitter included. 

receiving an input signal and splitting the input signal into nG 3 shows TCS response and cascaded LR filter 
a plurality of baseband signal streams, and a baseband signal 40 baseband processor and filter preceded by a cross-correlator, 
processing network receiving the plurality of baseband ^ multiplexers for I and Q signal generation, 
signal streams and generating cross-correlated cascaded FIG. 4 illustrates coded baseband processing of FQPSK, 
processed and filtered bit rate agile (BRA) in-phase and FQAM, FGMSK and FMSK signals including non- 
quadrature-phase baseband signals. In another embodiment, redundant trellis coding of the baseband processed filtered I 
a quadrature modulator receiving and quadrature modulat- 45 an< * Q signals. 

ing the cross-correlated filtered in-phase and quadrature- FIG. 5 Time Constrained Signal (TCS) patterns, based on 

phase baseband signals to generate a quadrature modulated referenced patents [P4; P5; P7] are illustrated, 

output signal is also provided. In another embodiment, the FIG. 6 shows an Agile Cascaded Mis-Matched (ACM) 

baseband signal processing network includes a cross- implementation block diagram embodiment of this inven- 

correlator and at least one bit rale agile cascaded mis- 50 lion with cascaded, switched transmit (Tx) and receive (Rx) 

matched (ACM) modulator filter. Low-Pass- Filters (LPF) for BRA applications in conjunc- 

In yet another embodiment, the invention provides a bit tion with Cross-Correlated and other non-cross-correlated 
rate agile communication system including a baseband sig- cascaded Time Constrained Signal (TCS) response proces- 
nal processing network receiving parallel baseband signal sors and Long Response (LR) filters having substantially 
streams and generating combined Time Constrained Signal 55 Mis-Matched (MM) modulation and demodulation filters. 
(TCS) response and Long Response (LR) filtered in-phase FIG. 7 is an alternate embodiment- block diagram of the 
and quadrature-phase baseband signals. In a variation of this current invention, including Cross-Correlator in cascade 
embodiment, the inventive structure also includes a quadra- with a 2 nd processor and with Digital to Analog (D/A) 
ture modulator receiving and quadrature modulating the converters followed by spectral and pulse shaping bit rate 
Time Constrained Signal (TCS) response and Long 60 agile LR filters, implemented by Low-Pass-Filters (LPF) in 
Response (LR) filtered in-phase and quadrature-phase base- the I and Q channels of this Quadrature modulator, 
band signals to generate a quadrature modulated bit rate FIG. 8 shows the implementation of an alternate Quadra- 
agile output signal. ture Modulator (QM) Transceiver having one or more 

In still another aspect, the invention provides a method for Intersymbol-Interference and Jitter Free (LTF)t Superposed 

generating bit rate agile signals in a communication system. 65 Quadrature Amplitude Modulation (SQAM) or TCS 

The method includes the steps of processing a plurality of response cascaded with LR response filter embodiments in 

signal streams to generate cross-correlated signals having the I and Q transmit Baseband Processor (BBP). 
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FIG. 9 illustrates a Non Return to Zero (NRZ) signal transmitters, also designated as FQAM. In this embodiment 

pattern, a TCS response pattern, a signal pattern of a TCS a single RF Amplifier operated in fully saturated NLA mode 

filtered by a conventional Low-Pass-Filter (LPF) resulting in is used. 

cascaded TCS response and Long Response (LR) pulse FIG. 21 is an alternate implementation diagram of multi- 

pattems with some overshoots. In the non-Xcor case as well 5 state FQPSK, FGMSK and FQAM transmitters. In this 

as in the Cross-Correlated case a Peak Limiter (PL) or embodiment two or more RF amplifiers operated in NLA 

gradual Soft Limiter or Xcor Soft Limiter reduces the saturated and/or in partly linearized (LIN) mode of operation 

amplitude peaks. The LR filter extends the TCS response to m usc ^ 

multiple pulses and may introduce additional spectral FIG. 22 is an "Over the Air Combined" implementation 

saving, however could introduce additional ISI and 10 architecture of FQAM signal generation having two or more 

increased peak variations. quadrature FQPSK and/or FGMSK modulators, two or more 

FIG. Ida shows a Cross-Correlated (Xcor) embodiment ^J^'u Md T ° r °T tranS f l "J*™ 85 - , „ 

with Gaussian LPF and Integrator as well as sin and cos nG » shows toe embodime^of an Orthogonal Fre- 

11 * ui tu ty^c JT * c .u 1 , ^ 1- . , quency Division Multiplexed (OFDM) embodiment with 

look-up tables. Jh^TCS ^ 1 ^v^^i ^ k FDM signal combining of a number of FQPSK signals. In 

signak are fiirther specially shaped and limited by sets of I * ooe of £ embodiment of this invention RF CombZg is 

and Q channel filters. A single or multiple cross^orrelator implemented by hardware RF components while in an 

(X), cos and/or sin inverter (XCSI) is used in this Agile alternative implementation the RF combining is imple- 

Cascaded Mis-Matched (MM) (ACM) implementation. mented "over the air". 

FIG. 11a illustrates NRZ signal and shaped Feher Return- FIG. 24 shows a transmit Antenna Array and/or RF 

to-zero (FRZ) signal patterns and an embodiment having 20 Combining implementation of multiple modulated signals. 

TCS response and cascade LR filters in which the LR filter This figure illustrates multiple TCS response and/or cas- 

is implemented with digital I1R and/or FIR filters. caded TCS response and LR filtered cross-correlated base- 

FIG. 12a analog implementation components for cross- band signal processors connected to an antenna array and/or 

correlated and/or TCS-filtered data patterns and signals for ^ combiner. 

bit rate agile and for high bit rate applications are shown. FIG. 25 shows an ACM and PL architecture and embodi- 

FIG. 12b shows an analog BRA baseband implementation menl for trcllis coded filtered cross-correlated I and Q 

alternative of a TCS response processor for cross-correlated baseband signal generation, containing TCS response and 

or not cross-correlated I and Q signals with selection or cascaded LR filters, for FQPSK, FGMSK as well as FQAM 

combined cascaded LR filter embodiment of this invention. 30 signal generation. 

FIG. 13a is a mixed analog and digital circuit implemen- HG 26 shows me Power Spectral Density (PSD) of NLA 

tation alternative of this cross-correlated TCS response illustrative data links operated at 13 Mb/s rate per link, in the 

processor in cascade with LR filters. u s - Government authorized band between 2200 MHz to 

FIG. 14 shows a BRA implementation alternative with a ^With telemetry standardized ^filtered FCM/FM 3 

TCS processor, one or more D/A devices in cascade with a 35 ^2***. f k ^^ ^??< K ~® ^ A T/ 

bank of switchable LR filters/processors and switchable ^ °* ^ » d ? ublcd **- ^fTv^^ 

LmearizedPhaseorPhasel^ ^p^*^ *J f^tSTv ^ ! Tf* £ 

^NTP^ Fillers FQPSK.2.4, the number of 13 Mb/s links is quadrupled to 12 

™ 7, • *i j • i • . links (over that of standardized PCM/FM). 

f 5°a?£ ™P lem . enUUon f f™^ w FIG. 27 The PSD and Integrated Adjacent Channel Inter- 

of this ACM mode architecture hav^ cross^lated TCS <° f ereDce (ACT) of hardware measured prototype FQPSK-B in 

response wavelet generators m cascade with LR filters. KrT A 4 - , - A .. r . ,*f 

^ 6 a NLA transmitter and of a BRA linearized transmit FQPSK 

FIG. 16 shows four (4) illustrative signaling elements ^ mustIAtcd m me upper figure In thc lowcr part of ^ 

generated by analog TCS response cross^correlators, pnor to figure me Integra ted ACI of FQPSK systems with that of 

the cascaded LR filters. The shown signaling elements or GMSK (BTb-0.25) systems is compared. For NLA 

wavelets are for FQPSK signal generation, having a cross- transmitters, the results show a very significant 

correlation parameter of A-0.7. (approximately 2 to 1) RF spectral efficiency advantage of 

FIG. 17 shows four (4) cross-correlated BRA signaling FQPSK over that of GMSK systems. The aforementioned 

elements of one of the TCS response analog generated FQPSK 2 to 1 spectral advantage over that of conventional 

circuits for enhanced performance FGMSK Only 4 signal- 5Q GMSK is measured for a typical -60 dB specification of the 

ing elements are required in this BRA reduced spectrum ACL 

Feher Gaussian Minimum Shift Keying (FGMSK) signal 28 Spectral results of 16 state NLA systems are 

generation, having a BTb-0.5 parameter. illustrated. The ACI results FQAM, obtained after fully 

FIG. 18 shows Differential Encoding (DE) and Differen- saturated NLA, are compared with that of NLA conventional 

tial Decoding (DD) for FQPSK and FGMSK. 55 pre-modulation filtered 16-state QAM systems. The spectral 

FIG. 19 eye diagrams of DE prototype BRA transmit efficiency advantage of the NLA illustrated FQAM is more 

signals for FGMSK with BTb=0.3, and FQPSK with a than 200% over that of NLA prior QAM. 

cross-correlation parameter A^).7, prior to additional base- FIG. 29 shows BER performance curves, in terms of the 

band processing and prior to the baseband LR filter of the customary BER=f(Eb/No) performance curves, of FQPSK 

transmitter are shown. The eye diagram at the TCS response 60 Transceivers. Hardware measurements and/or computer 

processor output and the I and Q cross-correlated eye design/software generated data and theoretical study results 

diagrams, at the outputs of the cascaded TCS response and show that NLA practical RF hardware FQPSK Transceivers, 

LR filters of FQPSK-B systems, operated in ACM mode, as with intentionally and substantially Mis-Matchcd(MM) fil- 

weil as the corresponding vector constellation diagrams are ters are within about 0.5 dB to 1 dB of the ideal theoretical 

also shown. 65 LIN amplified QPSK systems. 

FIG. 20 shows an FQAM implementation architecture FIG. 30 shows a demodulation architecture for FQPSK, 

diagram for multi-state Cross-Correlated FQPSK FGMSK and FQAM and for other signals. 



US 6,757334 Bl 

11 12 

FIG. 31 shows an alternate A/D converter based demodu- phase signals of BRA transmitters and receivers (or Trans- 
lator architecture. This implemeDtatiou/embodiment is suit- ceivers when transmitter and receiver are combined). Modu- 
able for "software radio" demodulation and/or for firmware lation and demodulation (Modem) Format Selectable (MFS) 
or hardware, or combined hybrid implementations of this and Coding Selectable (CS) baseband signal processing 
invention. 5 implementations and architectures for tunable RF frequency 

FIG. 32 shows transmit Antenna Arrays (AA) and receive embodiments having Pseudo-Error (PE) based Non- 
Adaptive Antenna Arrays (AAA) in this multiple transmit Redundant Error Detection (NRED) implementation struc- 
and receive omni-directional and/or sectorized or high gain turcs m also disclosed BRA demodulation filters Mis- 
directional antenna-embodiment of this invention. This Matched (MM) to that of the modulator filters, filters MM to 
architecture has the potential to increases the NLA spectral 10 mat °f theoretical optimal minimum bandwidth Nyquist 
efficiency of FQPSK, FGMSK and FQAM systems to more filters. PE controlled adaptive equalizers and diversity sys- 
than 30 b/s/Hz. terns having enhanced spectral efficiency and end-to-end 

FIG. 33 shows a Pseudo-Error (PE)-Norj-Redundant Error Performance are also described and included within the 

Detection (NRED) circuit embodiment for on-line or of mvcoUoD - 

in-service monitor, for PE based adaptive equalization con- 15 In S eDend ^rms the present invention discloses and 

trol and for diversity control unit implementations. provides stnicture and method for cost effective solutions for 

... , ... ... Bit Rate Agile (BRA), modulation and demodulation 

FIG. 34 shows anadaptive equahzer circuit embodiment Qg^y Fomat (mfs) and Coding Selectable 

of this mvent.onJT.e adapts equalizer, designated (CS) processors, modulatorVdemodulators (modems), trans- 

Feher Equah«r (HE) generates Uje conho stgnak m a PE „ ^ (Transceivers) with agile cascaded 

based NRED circuit and is suitable for fast adaptive equal- mi ^ itdled (ACM) architectures having agile/tunable RF 

tza * lon * frequency embodiments and which are suitable for power 

FIG. 35 is a switchable delay based embodiment of a efficient systems. This disclosure contains numerous struc- 

combined adaptive equalizer/adaptrvely selectable switched tural and methodological embodiments and implementation 

receiver designated as Feher Rake "FR.** A PE based NRED 25 architectures which lead to: (1") significant RF spectral 

or other NRED circuits are used for generating the control savings, (u) performance enhancements, and (iii) new 

and switch selection signals. features, functions and architectures; none of which were 

FIG. 36 shows an implementation architecture for mul- suggested or disclosed in the cited issued patents, inventions 

tiple adaptive FE and FR circuit embodiments with multiple and references. Several of the references have been 

demodulators. 30 described as 1** generation of Feher's Quadrature Phase 

FIG. 37 is a block diagram implementation of a two Saift Keying (FQPSK), Feher's Quadrature Amplitude 

branch diversity receiver with an adaptive equalizer and a Modulation # (FQAM), Feher's Gaussian Minimum Shift 

single demodulator. A NRED based circuit generates Keying (FGMSK), and Feher's Minimum Shift Keying 

"smart" diversity selection and/or control signals. (FMSK) Transceivers. 

35 The new implementation architectures, embodiments and 

DETAILED DESCRIPTION OF EMBODIMENTS new BRA technologies described in this disclosure are 

OF THE INVENTION designated as subsets of second generation of FQPSK 

Introductory Description of Embodiments of the Invention systems, suitable for BRA operation. 

This invention relates in part to Bit Rate Agile (BRA) Overview of Exemplary Embodiments Described 
signal processors and particularly to cross-correlated 40 A detailed disclosure of implementation architectures and 
(abbreviated "CC" or "Xcor") and to Agile Cascaded Mis- embodiments of this invention is contained in the following 
Matched (ACM) signal processors for increasing the RF sections. In many instances the text is related to the descrip- 
spectral efficiency and RF power efficiency of modulated tioa of the respective figures and to the implementation of 
transmitted signals including digital binary, and digital mul- ACM transceivers. A changeable amount of cross- 
tilevel signals, and of analog modulated signals operated in 45 correlation between the BRA, CS, MFS and TCS response 
linearized (LIN) and in power efficient Non-linearly Ampli- processor and/or combined or cascaded TCS and LR filters 
fied (NLA) systems. Cross-correlated quadrature phase, and/or post processor filters of the transmitter with select- 
frequency, and amplitude modulated Transmitter and able MM between the BRA transmitter and BRA receiver 
Receiver (Transceiver) systems are described. The use of and CS processors, including single and separate in-phase 
section headings is for convenience only and is not intended 50 (I) and quadrature (Q) signal storage/readout generators and 
to delimit the discussion of particular aspects of the inven- single and/or separate t channel and Q channel D/A arc hi - 
tion as aspects, features, embodiments, advantages, and tectures for cross-correlated BRA, MFS and CS formats are 
applications are described through the specification and also described. In agile cascaded mis-matched (ACM) 
drawings. Acronyms are used extensively throughout the designs for NLA and for Linearized (LIN) amplifiers select- 
description to avoid excessively long descriptive phrases. In 55 able FQPSK filtering strategies, in the transmitter and sepa- 
some instances the same acronym is used for a system rately in the receiver lead to further improvements in spec- 
component or structure as well as as a adjective or other tral efficiency. 

qualifier for the function or operation performed by that Within an interface unit (IU) 107 in FIG. la a generalized 
structure. The meaning will be clear from the context of the block diagram of an embodiment of this inventive Trans- 
description. 60 ceiver 100 is shown and includes a BRA 102, MFS, CS, MM 
The disclosed BRA systems, designated as belonging to filtered and RF frequency agile enhanced spectral efficiency, 
the class of Feher's Quadrature Phase Shift Keying high performance Transceiver block diagram. In this 
(FQPSK) systems, and also by other acronyms and embodiment one or more input signals 150-1, 150-2, . . . , 
abbreviations, described herein, include BRA Time Con- 150-N are received on single or multiple lead(s) 101-1, 
strained Signal (TCS) response processors and cascaded 65 101-2, . . . , 101-N and provided to a transmit section 152 of 
TCS and BRA Long Response (LR) processors and/or Interface Unit (IU) 102. The term lead or leads generally 
post-processor filters of in-phase (I) and of quadrature (Q) refers to a coupling or connection between the elements, and 
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may for example refer to a wire, integrated circuit trace, Signal Conditioning including Symbol Timing Recovery 

printed circuit trace, or other signal link, connection, or (STR) circuits. The demodulated signal provided by 

coupling structure or means as are known in the art. Note demodulator unit 119 is fed to the receive section of the IU 

that the IU provides an Interface port for transmission, 102. The receiver section of the IU 102 contains on lead 101 

designated as 102 and in the Receive section, also desig- s the output signal and output port. 

nated as 102, it contains the required IU receive processors In FIG. lb, an alternate, somewhat generic Transmitter 

and provides an output interface port. The input and output (Tx) block-implementation diagram of this invention for Bit 

leads may contain and communicate analog or digitized Rate Agile (BRA), Modulation Format Selectable (MFS) 

voice, music, data, video, telemetry or other signals, or hardware, firmware and/or software implementations, 
combinations thereof. In the FIG. la embodiment, signals 10 including optional single and multi-tone inserts at one or 

150 on input leads 101 may also represent Spread Spectrum, more locations and optional ACM embodiments, is depicted. 

CDMA, WCDMA, CSMA, TDMA, FDMA or continuous Several optional interface units prior to the processor unit 

single channel "Clear Mode", or other signals such as FDM 132 are illustrated in this figure. These units may perform the 

and orthogonally frequency division multiplexed Ortbogo- transmit interface functions and the corresponding receive 
□ally Frequency Division Multiplexed (OFDM) signals and 15 interface functions. Illustrative examples for the transmit 

IU port configurations. interface functions are described. Unit 120 illustrates a 

The BRA 102 unit, shown in FIG. Li provides signals 153 Forward Error Correction (FEC) and/or a Differential 

to a Base-Band Processor (BBP) unit 103. This unit 103, Encoder (DE). Unit 121 is an interface for Frequency 

receives in addition to the output signals from the IU 102, Division Multiplexing (FDM); for Collision Sense Multiple 
signals on lead 104 a Clock (Q, on lead 105 one or more 20 Access (CSMA) 122 would be used. 

Control (CTL) signals and on lead 106 one or more Sam- For Code Division Multiplexes (CDMA) and its varia- 

pling (SAM) signals. The combination of the aforemen- tions such as W-CDMA and B-CDMA and 3 rd generation 

tioned C, CTL and SAM signals is also designated with a CDMA 123 would be used For time division multiplexed 

common further abbreviation as "C (TDM) 124, while for Continuous single or multiple digital 

BBP unit 109 provides a new class of BRA Cross- 25 or analog signals or Analog to Digital (A/D) converted 
Correlated (CC) signals, including ACM filtered signals. signals unit 125 is used. For Telemetry interface 126, while 
The BBP provides signals to the Quadrature Modulator for Broadcast Signal interface 127 is used. Unit 128 is 
(QM) unit 109. Numerous embodiments of QM 109 have suitable for Orthogonal Frequency Division Multiplexing 
been described in the prior art and/or in the listed references. (OFDM). For additional CDMA processing or interface 129 
The QM implementation in baseband, IF and RF frequency 30 could be used. Trellis Coded Modulation (TCM) baseband 
ranges is well known by means of analog, digital and processing of the trellis encoder and corresponding optimal 
combined analog or digital techniques in hardware, firm- demodulation/decoding could be performed in 130. Unit 131 
ware and in software and does not require further descrip- is reserved for "other" emerging applications. Unit 132 is the 
tion. The Frequency Synthesizer, Unit 108, provides one or processor, including the BBP for a generic class of signal 
more unmodulated "Carrier Wave" signal(s) to the QM. The 35 generators disclosed in this invention. The baseband "in- 
quadrature-modulated signals are provided to the Transmit phase" (I) and quadrature phase (Q) baseband signals gen- 
Amplifier (AMP). The amplifier may be operated in a fully erated by 132 are provided to QM 133. The QM unit 
saturated mode, designated as Non-Linear Amplifier (NLA) receives an input also from the Carrier Wave (CW) generator 
or C -class amplifier or it may be operated in a Linearized also designated as Local Oscillator (LO) which could be part 
(LIN or tin) mode. Between the QM-109 and the Transmit 40 of the Frequency Synthesizer (FS) 140. The quadrature 
AMP HI part of the "RF Head" an optional combiner U0 modulated output signal in one of the optional embodiments 
is shown. Combiners 110 and/or post-AMP combiner 111 is combined with one or more Pilot Tones in combiners 134 
are optional units for Pilot Insert (PI) 1 and 2 designated as and/or 136. Signal Amplifier (AMP) 135 provides the ampli- 
units 109 and 112, respectively. The RF head's transmit fied signal to the Transmit and Receive Antenna 138 through 
AMP is connected to Switch (SW) and/or Combiner/Splitter 45 switch or combiner/splitter 137. For wired applications such 
device 113 and this 113 unit provides the signal for trans- as telephony, coaxial cable, fiber and other physical wired 
mission to and from antenna 114. Instead of the aforemen- connections interface unit/amplifier 139 is used. Bit Rate 
tioned antenna a separate port could be used for signal Agile Clocks (BRAC) are generated and/or processed in 
transmission or reception of "wired" systems. The Pilot 141. The Control (CTL) signals are obtained from unit 142 
Insert (PI) optional units may provide in band/or out of band 50 while one or multiple rate or sub bit rate Sampling Signals 
pilot tones for transmission. These tones could be used for (SAM) are generated and/or processed by 143. 
fast and robust performance receiver demodulators and In FIG. 2 an embodiment of a BRA integrated Base -Band 
synchronizers. In the transmit and receive sections Switch Processor (BBP) with BRA post filters and BRA Cross- 
113 or Switch or Combiner or Diplexer is connected to the Correlated (CC) signals and ACM filters for quadrature 
receive Band Pass Filter (BPF) 115. Instead of Switch 113 55 modulation is illustrated. New BRA, MFS, CS and RF 
a Combiner/Splitter could be used. The received signal after frequency agile implementation architectures of this inven- 
the BPF is connected to a Low Noise Amplifier (LNA) unit tion are described in conjunction with FIG. 2. On signal 
116. The optional down-converter unit 117 receives its leads 2.10 and 2.11 the in -phase input (Iin) and the quadra- 
inputs from the Frequency Synthesizer and from the LNA ture phase input (Qin) signals are provided to switch units 
and provides it to band-pass filter (BPF) 118 for further 60 2.14 and 2.15. On lead 2.12 a serial input signal (Sin) is 
processing. The entire down -conversion stage of the illustrated. This signal is connected to a Serial -to-Parallel 
receiver, including the receive section of the Frequency (S/P) converter and/or Splitter unit, combined or individu- 
Synthesizer, mixers 117 and 118 are deleted for the so-called ally also designated as "splitter" 2.13. Switching and/or 
Direct Down-Conversion type of receivers. combining units 2.14 and 2.15 provide in-phase (I) and 

The quadrature demodulator (Quad Demod) may contain 65 quadrature phase (Q) baseband signals to the BRA processor 

components such as Automatic Gain Control (AGC), Fre- 2.16. This BRA processor also receives a set of Clock, 

quency Tracking, Synchronization and Past Demodulation, Control, and Sampling Signals C, CTL and SAM, com- 
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monly also referred to as set of C signals or merely "C waveform generators and BRA post filters are used. In 

signal or "C* for clock. The lout and Qoul signals are on alternate embodiments of this invention the basic Xcor is 

leads 2.17 and 2.18 and provide inputs to the QM. The QM connected to Cross-Correlated (X) Cosine (C) and Sine (S) 

2.19 provides drive signal (S) to amplifier 2 JO which in turn single Inverters (XCSI). In some other alternate implemen- 

provides amplified signals to switch or combiner/splitter unit 5 tations the basic Xcor unit is not used. The combined 

2_21. Antenna 2.22 and/or interface port/amplifier 223 pro- embodiment and structure of the set of TCS and BCM signal 

vide the signal to the transmission medium. Unit 2.19 generators, collectively designated as unit 3.11, combined 

Frequency Synthesizer (FS) provides the Carrier Wave Sig- ^ Multiplexers 3.13 and 3.14 and cascaded with the BRA 

nals to one of the inputs of the QM and may provide one or IpS Jf^f filters and baseband post 

more pilot tones to the QM and/or the output of 220 for 10 JJSj" 15 * dlSmnt ° f thc aforemeDtloned P nor 

combining the pilot tone(s) with the quadrature modulated a i_ . «• , , . 

& r -\ / n FIG. 4 shows a trellis coded processor implementation 

* . . - , , , t architecture. Variations of this structure include one or more 
In an alternative implementation of ^the baseband clcmcnts illustratcd m mG 4 Tbe sho^ structure is 
proc^r,mthelc^rp^artofnG.2,onleads2J4and2^5 for encode d signal generation including Differen- 
parallel input signals (Ipann) and (Qpann) are provided, 15 ua u y Encoded (DE) and/or Non-Redundant Trellis Coding 
while on lead 226 a serial input signal is provided. Units (tq 0 f the Baseband Processed filtered I and Q signals. 
227, 229, 230, 232, and 2.33 are switching devices for the Alternately other Forward Error Correcting (FEQ devices 
serial signal input and for the I and Q signals. Unit 228 are contained in unit 4.13. The architecture of this FIG. 4 is 
represents a signal splitter. Signals and units 2.10 to 2.33 suitable for several 2 nd generation FQPSK embodiments, 
constitute some of signal processing components of this new 20 Elements of this structure generate enhanced spectral effi- 
architecture. These components have related structures to ciency LIN and NLA constant envelope and non-constant 
the description contained in Feller's prior art U.S. Pat. No. envelope systems. BRA digital and analog implementations 
5,491,457, Ref. [P2]. However, significant structural and of ACM selectable parameter cross-correlators and several 
implementation differences exist between the structures sets of transmit and selectable receive filters are included, 
described in [P2] and the entire structure and embodiment of 25 Synchronous single data stream and asynchronous multiple 
FIG. 2. data stream input processing has been also implemented 
The architecture and embodiment of the Bit Rate Agile with the shown structure of FIG. 4. Transmitters with and 
embodiment of the FIG. 2 processor includes BRA Base- without preambles and trellis or other encoders and/or 
band Processor (BBP) 234 with cascaded BRA lime Con- analog and digital pilot insertion as well as multi-amplitude 
strained Signal (TCS) response and Long Response (LR) 30 cross-correlated signals including 3 level 7 level and multi- 
signal generators. BRA post filters with Cross-Correlated level partial response signals are also generated with the 
(X) Cosine (Q and Sine (S) single or multiple processors "mix and match" flexible and interoperable elements and 
and inverters (XCSI) are also part of the new structure. structures. 

These structures, devices and architecture, including the new On leads 4. 11 and 4.12 the in-phase and quadrature phase 
ACM filtering features available with these new elements 35 input signals Iin and Qin are illustrated. Units 4.13 and 4.14 
are part of this invention. contain Digital Signal Processors (DSP) or FPGA logic 
Description of an Exemplary Embodiment of a FQPSK Bit elements, or other readily available processors. These pro- 
Rate Agile Transceiver cessors perform functions such as Trellis Coding (TQ with 
In this part of the detailed description of tbe invention the or without redundancy, Differential Encoding (DE), Digital 
focus is on Quadrature Modulated (QM) four (4) state 40 Signal Mapping for TC or other logic and/or memory 
FQPSK systems. These four state systems have in general, modifications of the baseband signals. The Digital Process- 
in the sampling instants, in the I and Q baseband channels ing Addition (DPA) unit 4.15 is provided for additional 

2 signaling states (for short "states"). In the baseband I optional DE, Digital Pilot Insertion, and addition of Forward 
channel and in the baseband Q channel there are 2 signal Error Correction (FEC) bits and/or symbols, including CRC 
states. The architectures and embodiments of nine (9) state 45 and/or pi/4 rotation of the QM signal Element 4.16 is a Bit 
FQPSK systems are essentially the same as that of 4 state Rate Agile (BRA) Base-Band Processor (BBP) which 
FQPSK Transceivers. An exception is that the baseband I includes post-BBP ACM filters and/or post-Cross- 
and Q Cross-Correlated and BRA signal processors provide Correlation (CQ filters and processors in the I and Q 

3 level (state) baseband I and Q signals and results in 3x3=9 channels or a shared filter for the I and Q channels. The 
state modulated FQPSK systems. Most implementations and 50 aforementioned functions and implementations could be 
embodiments and alternatives apply to raulti -state (more used in the described sequence, or in a permutation or 
than 4 state) Quadrature Modulated systems, described in combination or variation of the aforementioned sequence, 
later sections, such 9, 16 or 64 or 256 state QM systems The entire processor of FIG. 4 could be implemented in one 
having 3, 4, 7, 8 and 16 states in their respective baseband or more integrated steps without specific separation of the 
channels. 55 aforementioned functionality and/or implementation archi- 

FIG. 3 shows BRA baseband filters and processors pre- tectures. 

ceded by a "basic cross-correlator (Xcor)" component of this One of the implementation alternatives of the Differential 

FIG. 3. The basic Xcor component, including the wavelet Encoded (DE) algorithm, used in some of the embodiments 

storage units and multiplexers may be related to implemen- of this invention is described in the following paragraphs. In 

tations described in the prior art Kato/Feher U.S. Pat. No. 60 FIG. 4 the optional DE is part of unit 4.13 and is used for 

4,567,602 patent [P5]. In some of the implementations of the FQPSK and in particular for a specific FQPSK embodiment, 

present BRA invention, for use in BRA post filtered/ designated as FQPSK-B, Revision Al as well as FGMSK, 

processed system applications, these basic Xcor elements FMS K and FQ AM Transceivers. A somewhat more detailed 

are used with integrated and/or post Xcor BRA filtered/ implementation block diagram of entire Differential 

processed ACM units. In some other embodiments different 65 Encoder (DE)-Differential Decoder (DD) and corresponding 

basic signaling elements including cascaded Time Con- Serial to Parallel (S/P) and Parallel to Serial (P/S) converters 

strained Signal (TCS) response and Long Response (LR) is shown in FIG. 18. 
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A Serial-to- Parallel (S/P) processor, sucb as processor 
18.1 of FIG. 18, is inserted prior to the DE 4.13 of FIG. 4 
or prior to the DE unit 18.2 of FIG. 18. The Differential 
Encoder 4.13 Differentially Encodes (DE) the I and Q data 
streams. The baseband I and Q signals are differentially 5 
encoded as follows: 



10 



15 



In an alternative implementation of the aforementioned DE 
the inversion "bar" is on I in the second equation instead of 
the Q of the first equation (that is I -bar rather than Q-bar). 

In one of the FQPSK embodiments, designated as 
FQPSK-B, one of the implementations has the I and Q data 
symbols oflset by one bit time (Tb), corresponding to a V4 
symbol time (Ts), i.e. Tb«Ts/2. and D^ are the even 20 
and odd input data bits. In alternate embodiments, the 
aforementioned offset is not used. In the case of Direct 
Sequence Spread Spectrum systems such as certain CDMA 
systems, instead of the offset by 1 bit time the offset could 
correspond to 1 chip time or to a prese table time. 25 

In FIG. 5 several Time Constrained SignaltTCS) response 
patterns are illustrated. TCS and/or TCS response patterns 
are illustrated, described and defined with the aid of the 
synonymous terms "Signaling Elements(SE)", "Signal 
Components" or ** Wavelets." The terms TCS, TCS processor 30 
and/or TCS response shall mean that the pulse response or 
alternatively the impulse response of TCS processors is 
constrained to the length of the memory of TCS processors. 
This TCS response may have an impact on the cascaded 
response of a TCS processor with that of subsequent filters. 35 
TCS response cross-correlated and also TCS response signal 
patterns without cross-correlation are illustrated in FIG. 5. 
These are used in some of the implementations of this 
invention as signaling elements or wavelets connected in 
cascade to Long Response (LR) filters. The term "Long 40 
Response filter" or "LR filter** means that the measurable 
pulse response and/or impulse response of an LR filter or 
processor is longer than the pulse response of the TCS 
response processor. In several implementations the LR filter 
is implemented by conventional filter synthesis and design. 45 
Conventional filter designs include the design and imple- 
mentation of active and passive Bessel, Butterworth, 
Chebycheff, Gaussian, analog and digital filters and of 
hybrid analog/digital filters. In alternate LR filter designs 
Infinite Impulse Response (II R) and also Finite Impulse 50 
Response (FIR) architectures are implemented. 

The pulse response of TCS response processors is limited 
to the memory of the TCS processor. In several embodi- 
ments the memory of the TCS processor and/or TCS cross- 
correlator has been between Vi and 3 symbol duration Ts 55 
intervals. The pulse response of LR filters is related to the 
type of the selected filter, the roll-off and the 3-d B 
bandwidth(B) and bit rate duration (Tb). For example an 8* 
order Chebycheff filter, having a BTb«0J could have a 
practical, measurable pulse response of more than 10 bit 60 
duration. A 4 th order Butterworth filter having a BTb=l 
could have a practical pulse response of more than 4 bit 
duration, depending on the accuracy/inaccuracy of pulse 
response and resulting Intersymbol Interference (1SI) defi- 
nitions and requirements. 65 

The basic TCS signaling elements or "Wavelets'* shown in 
FIG. 5 precede the LR filters of the ACM embodiments. In 



alternate architectures the sequence of TCS and of the. LR 
filters/processors is interchanged and also used in parallel 
architectures for combined TCS and LR signal generation. 
The TCS signal elements or for short "Signals" or "wave- 
lets" in FIG. 5 are described as follows: signal pattern 5.U 
represents pattern Sl(t) of a Non-Return-to-Zero (NRZ) 
signal pattern. The NRZ signal pattern contains TCS sig- 
naling elements where the duration of each NRZ signaling 
element is constrained to one lime Symbol (Ts) duration. 
Signal pattern 5.12, also designated as S2(t), represents an 
other one lime Symbol TCS response wavelet pattern. This 
TCS response signal could be generated by the "Superposed 
Quadrature Modulated Baseband Signal Processor" 
(SQAM) Seo/Feher's U.S. Pat. No. 4,644,565, Ref. [P4]. 
Another TCS pattern, designated as pure Intersymbol- 
Interference and Jitter Free (LTF) signal pattern, or pure UF 
wavelet and pattern, based on Feher*s VS. PaL No. 4,339, 
724 [P7] is signal 5.14 also designated as S4(t). It is a TCS 
pure UF signal pattern corresponding to the alternate NRZ 
pattern example shown as signal 5.13 and designated as 
S3(t). Signals 5.15 and 5.16 designated as S5(t) and as S6(t) 
are in-phase (I) and quadrature phase (Q) half a lime 
Symbol (Ts) rime delayed NRZ baseband signals. In this 
designation half a symbol duration corresponds to one lime 
Bit (Tb) duration that is Ts~Tb/2. Signal patterns 5.17 and 
5.18 corresponding to S7(t) and as S@(t) are additional 
illustrative examples of TCS signals. These TCS signals 
represent in-phase(I) and Quadrature-phase (Q) baseband 
Cross-Correlated (CQ or (Xcor) signal patterns which could 
be generated by use of the Kato/Feher VS. Pat. No. 4,567, 
602, Ref. [P5]. These S7(t) and S8(t) cross-correlated TCS 
response signal patterns represent IJF encoded output sig- 
nals having amplitudes modified from the peak amplitudes 
of LTF signals. 

In FIG. 6 an implementation diagram with cascaded 
switched transmit £Tx) and receive (Rx) Low-Pass-Filters 
(LPF) in conjunction with cross -correlated and other non 
ci oss-correlated TCS response and cascaded LR processors 
is shown. These LR processors could be implemented as 
separate I and Q LPF s or as an individual time-shared LPF. 
The Transmit Baseband Signal Processor (BBP) including 
the I and Q LPFs could be implemented by digital tech- 
niques and followed by D/A converters or by means of 
analog implementations or a mixture of digital and analog 
components. External Clock and External Data Signals are 
used to drive the S/P and the entire baseband processor 
(BBP). The BBP may include a Differential Encoder (DE). 
The t and Q LPFs may be implemented as single filters 
(instead of cascaded filters). Modulation and Demodulation 
filters have been implemented and tested with intentionally 
Mis-Matched (MM) filter parameters. Some of the best 
performance implementations use Agile Cascaded Mis- 
Matched (ACM) architectures. LR filters have been synthe- 
sized and implemented as phase equalized and also as 
non-equalized phase response transmit and receive Bessel, 
Gaussian, Butterworth and Chebycheff filters. Bessel, Gaus- 
sian and Butterworth and Chebycheff filters as well as other 
classical filters are within the previously described and 
defined class of Long Response (LR) filters. These filters 
have a relatively long practical impulse and/or pulse 
response. The measurable practical pulse response of the 
aforementioned filters having an approximately BTs=0.5 
design parameter extend to many bit durations. Here B refers 
to the 3 dB cut-off frequency of the filter and Ts to the unit 
symbol duration. From classical communications and 
Nyquist transmission theory it is well known that the theo- 
retical optimal performance minimum signal bandwidth is 
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defined for BTs-0.5. The LPFs in the I and Q channels, or Carrier Recovery (CR) subsystem. In one of the embodi- 
the shared single set of LPFs, implementations include ments of fast Clock Recovery (CR) systems, the parallel 
Infinite Impulse Response (IIR) and Finite Impulse configuration embodied by units 637 and 638 is used for 
Response (FIR) filters. discrete signal clock generation. The discrete signal spike, in 
In FIG. 6 on lead 63 a serial data stream is present This 5 the frequency domain, provides on lead 639 the clock 
signal is provided to 6.4a and the optional 6.46 units for recovery unit 632 with a discrete spectral line signal which 
Serial-to-Parallel (S/P) conversion and a 1 bit duration (lb) is exactly at the symbol rate or at the bit rate. In this 
offset in one of the implementations. In other implementa- architecture unit 637 is a multiplier or any other nonlinear 
tions there is no offset delay 6.4b in the embodiment Some device which has at its input the received modulated signal 
other alternate embodiments use a selectable offset delay 10 and the same received modulated signal multiplied by a 
6.4b which is larger or equal to zero and smaller than the delayed replica of itself! The aforementioned delayed replica 
duration of approximately 200 bits. As stated the Offset logic is generated by unit 638, a delay element. The receiver 
is used in certain embodiments, while in other architectures structure, shown in FIG. 6, is one of the many possible 
it is not present. The input signal or input signals are alternative receiver and demodulator structures. It is inter- 
provided on leads 6.1 and 62 instead of lead 63 in some of 15 operable compatible and suitable for BRA and MFS and CS 
the alternative implementations of this invention. Unit 6.5 is reception, demodulation and/or decoding of the transmitted 
a Base-Band Processor. Unit 63 may be clocked, controlled signals embodied by means of the BRA and/or MFS and/or 
and sampled by signals such as C, CTL, and SAMP such as CS and/or ACM implementation of the FIG. 6 transmitter 
illustrated previously in FIG. 1 to FIG. 3. In this figure, FIG. embodiments. 

6, all of these clocking, control and sampling signals which 20 Contrary to the teachings and wisdom of well established 
could represent multiple rates and multiple leads are collec- bandwidth efficient communication theory, of matched 
tively or individually abbreviated simply as "C and illus- filter-optimal demodulation theory and optimal data recep- 
trated with an arrow near the letter "C." Unit 63 in some of tion theories, in several embodiments of the current 
the embodiments performs the Time Constrained Signal invention, substantially Mis-Matched (MM) modulator and 
(TCS) processing, waveform assembly and generation func- 25 the demodulator filters have been implemented. Fundamen- 
tions of multiple symbol TCS cross correlation and signal tal and pioneering discoveries, regarding the cascaded pulse 
processing operations. The I and Q outputs of unit 63 are response of TCS response and of LR filter cross-correlated 
provided as inputs to the transmit set of LPFs designated as BRA implementations of modulator I and Q filters and that 
TX1 LPF-1 unit 6.6 and TXQ LPF-1 unit 6.11. This set of of the implementations of "matched " and/or intentionally 
first LPFs could be cascaded with a second set of I and Q 30 "Mis-Matched" (MM) demodulator filters are disclosed in 
channel LPFs units 6.7 and 6.13. Switch units 6.8 and 6.12 this part of the invention. In classical communication theory 
illustrate that the second set of LPFs could be bypassed the demodulation LPFs, and in fact the entire cascaded 
and/or deleted in some of the embodiments. receiver and demodulation filter responses are matched to 
The LR filter units, embodied by the first and second sets the characteristics of the modulator and entire cascaded 
of I and Q are implemented as LPFs or alternately as of other 35 modulator and RF transmitter filters. Minimum bandwidth- 
types of filters such as Band-Pass Filters (BPF) or High Pass maximal spectral efficiency, optimal performance requires 
Filters (HPF) or other filter/processor LR filter combina- that the Nyquist minimum bandwidth theorems be satisfied 
tions. As stated previously, for several embodiments all of for ISI free and matched signal transmission/reception. The 
the aforementioned processors are BRA and ACM, while for intentionally and substantially Mis-Matched (MM) transmit 
other implementations bit rate agility and/or ACM may not 40 and receive filter designs, used in implementations of this 
be required. Units 6.9, 6.10, 6.14, 6.15 and 6.16 comprise a invention lead to simpler implementations than implied by 
quadrature modulator in which the I and Q modulators are communication matched filter theory and by Nyquist mini- 
90-degree phase shifted and in which a Local Oscillator mum bandwidth theories and to substantially improved 
(LO) is used as a Carrier Wave (CW) generator. Unit 6.17 is performance for RF power efficient NLA transceivers. From 
an amplifier that could be operated in a LIN or in a NLA 45 communications theory, numerous books, referenced publi- 
mode. The output of amplifier 6.17 is provided on lead 6.18 cations as well as from patents it is well known that for 
to the transmission medium. "optimum" performance the cascaded filters of the modu- 
lo FIG. 6 at the receiving end, on lead 6.19, is the received lator should be matched by the cascaded receive demodu- 
modulated signal. Unit 6.21 is a BPF that is present in some lator filters. For example, in a conventional bandlimited 
embodiments while in others it is not required. Alternatively 50 QPSK system, if Nyquist filters are implemented as "raised 
the receive BPF could be "switched-in" or "switched-out" cosine filters", then the best "optimal" performance is 
by switch 620. In some implementations Surface Acoustic attained if the cascaded transmit and receive filters have a 
Wave (SAW) BBF were used to implement 6.21. Units 6.22, raised cosine transfer function and the filtering is equally 
6.23, 624 and 6.25 embody a Quadrature Demodulator split, i.e. "matched "between the transmitter and receiver. 
(QD) with a corresponding Local Oscillator (LO). The 55 For pulse transmission, such as filtered NRZ data an apertu re 
aforementioned LO represents for some embodiments an equalizer, having an wTs/sin(wTs) frequency response is 
entire Carrier Recovery (CR) subsystem while for other used in theoretical optimal transmitters, prior to the imple- 
embodiments it is a free running LO. The set of LPFs 6.26 mentation of the transmit matched filter. Specifically, based 
and 6.27 are the embodiment of post-demodulation filters, on Nyquist transmission and filter theories, combined with 
while the second set of LPFs 628 and 6.29 may be used to 60 matched filter receiver theories the 3 dB cut-off frequency of 
further enhance the spectral efficiency advantages or other an optimal minimum bandwidth transmit filter, used as a 
performance advantages of designed ACM systems. The baseband I or Q channel filter, in a QPSK system equals x h 
second set of LPFs could be connected or disconnected by of the symbol rate or alternatively Vi of the bit rate. The 3 dB 
switches 630 and 6 31 or entirely deleted. Unit 632 is the bandwidths of the modulator and demodulator filters of the 
Clock Recovery (CR) and/or Symbol Timing Recovery 65 "theoretical optimal" bandlimited QPSK system are 
(STR) system. For fast clock and/or STR, this unit is matched. The 3 dB bandwidth of the theoretical optimal 
connected in some of the embodiments in parallel to the system it is the same for the modulator filter and for the 
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demodulator filter. If these filters are implemented by pre- and post cross-correlation processors, as disclosed in prior 

modulation LPFs and post-demodulation LPFs then the patents of Feber et ah, with several original embodiments 

aforementioned theoretical bandwidth corresponds to BTs- described in conjunction with FIG. 7, In cascade with the 

05. This value corresponds to BTb-0.25, where B is the 3 basic Xcor which implements TCS response processed 

dB bandwidth of the respective filters, Ts is the unit symbol 5 cross-correlated or TCS notKTOss-correlated signals is a 

duration and Th is the unit bit duration. second set of LR filtered processors. In cascade with the 2 nd 

Contrary to the teachings of the aforementioned optimal processor and with Digital to Analog (D/A) converters are 

performance matched filter modulation demodulation pulse shaping bit rate agQe LR filters, implemented as 

theory, we disclose the implementation of demodulator Low-Pass-Filters (LPF) or other type of filters in the I and 
architectures and embodiments with "Mis-Matched" (MM) 10 Q channels. As stated previously, BPFs, HPFs or other types 

filtering, and specifically for agile (bit rate) cascaded mis- of processors/filters could replace the LPFs. On lead 7.1 is 

matched (ACM) implementations. The term Mis-Match the input signal to unit 7 2 f which implements S/P, DE and 

(MM) refers to intentional and substantial MM between the Gray encoding and/or other logic functions. Logic 73 is a 

cascaded 3 dB bandwidth of the I and Q demodulator filters cross correlator that is used to cross correlate I and Q signals, 
and/or to the MM with respect to the Nyquist theory 15 The duration of the cross correlation processor and imple- 

snpulated bandwidth, with that of the cascaded response of mentation of the basic Xcor is selectable in the current 

the modulator I and Q filters. Alternate embodiments include invention. It is selectable in a wide range, from zero, Le. no 

MM pre -modulation baseband LPF and post-demodulation cross-correlation to a fraction of a bit interval, and is 

baseband LPF designs as well as post modulation BPF adjustable and/or selectable up to many bits and/or symbols, 

transmitter implementations and receiver pre-demodulation 20 In some of the alternate implementations of FIG. 7 the entire 

BPF implementations. A combination of the aforementioned cross-correlation Unit 73 designated as "Logic" is not used, 

baseband and BPF designs has been also implemented. The that is, it is deleted from FIG. 7, in the generation and 

term "substantial" MM in a BRA architectures and embodi- assembly of the TCS response signals, provided by the 

ments such as shown in the alternate implementation dia- signal generator set 7.4. In logic/cioss-correiator 73 six 

grams in FIG. 6 or FIG. 7 or FIG. 10 to FIG. 15 and/or FIG. 25 symbol shift registers are shown for the I and Q channels. As 

25 or FIG. 30 implies typically more than about 30% stated in alternative embodiments the cross correlation is 

mis-match between the respective 3 dB cut-off frequencies deleted. The basic signaling elements, also referred to as 

of the transmit and receive filters, but this value is exemplary wavelets, designated Fl, E2, . . . , F16 are generated and/or 

and is not a limiting amount of mis-match. stored by a set of signal generators or storage devices 

One of the best known BRA implementations of FQPSK 30 designated as 7.4. The aforementioned storage units or 

systems is designated as the "FQPSK-B" family of trans- wavelet generators are implemented in one of the alternate 

ceivers. In this section, several best embodiments of embodiments with ROM and/or RAM chip sets and/or are 

FQPSK-B Transceivers, operated in NLA systems are part of a firmware and/or software program. In certain 

described. The implementation of the FQPSK-B embodiments a fairly large number of wavelets are 

embodiment, described in this section has BRA, CS and 35 generated, i.e., a set of SO, SI, S2, . . . , S63 or even more 

MFS architecture with substantially MM modulation and wavelets are generated, while in other embodiments only 2 

demodulation filters. The modulator TCS response proces- or 4 signaling elements (wavelets) are used. In alternate 

sors cascaded with the LR filters and the demodulation implementations instead of generating and/or storing sepa- 

filters are Mis-matched (MM). In this FQPSK-B implemen- rate and distinct signals or "wavelets", a very small number 

tation a cross-correlation factor of A-0.7 has been imple- 40 of wavelets is stored and their inversions in terms of 

mented between the I and Q baseband TCS response pro- amplitude inversion and time inversions are used. In the 

cessors which are cascaded with the LR filters. The TCS embodiments of the current invention the elements are 

wavelets and assembly of the TCS wavelets has been suitable for BRA and ACM operation. Units 7.5 and 7.6 are 

described in the Kato/Feher patent ReL [P5]. A resulting I designated as two multiplexes and are embodied in some 

and Q cross -correlated data pattern of this implementation, 45 implementations as a single integrated multiplexer unit or 

at the TCS processor output and prior to the BRALR filters more than one unit. In one of the embodiments all digital 

is shown in FIG. 5 as TCS data patterns S7(t) and S8(t) processors, including units 72 to 7.16 are implemented as a 

having a cross-correlation parameter A=^).7. The I and Q single fiction and unit. Unit 7.7 is a second processor and 

baseband signal patterns are generated with several struc- provides for optional additional cross correlation and ampli- 

tures and elements, described as parts of this invention. The 50 hide limiting, also designated as signal clipping or Peak 

aforementioned TCS signal patterns are available at the Limiter(PL). PL are implemented by clipping devices and/or 

outputs of the following elements: in FIG. 6 at the output other commercially available prior art nonlinear devices, 

leads of TCS 6.5, in FIG. 7 at the output leads of D/A Units Other conventional devices described previously in these 

7.8 and 7.11. In FIG. 8 at the output leads of units 8.7 and specifications as well as in the prior art literature embody 

8.8. In FIG. 106 at the output leads of the D/A converter 55 units 7.8 to 7.13. Amplifier 7.15 provides the RF modulated 

units 106.17 and 106.18, and in FIG. 15 at the output leads signal to the antenna 7.17 through a switch and/or combiner 

of D/A converter (designated as DAC's) units 15.7 and or splitter 7.16. 

15.14. In FIG. 8 a Quadrature Modulated (QM) Transceiver 

The aforementioned BRA, MFS, CS and intentional Mis- embodiment of this invention is shown. On lead 8.1 the input 

matched (MM) implementations and embodiments of four 60 signal is provided to the optional S/P and/or DE and/or 

state FQPSK Transceivers, operated over NLA systems are Logic/Coding processor 82a. Unit 8 2b is an optional (Opt.) 

applicable to Multi-State NLA systems, described in later Xcor, designated in FIG. 8 as Xcor 1. Unit 8.26 provides 1 

sections. and Q signals through the optional offset delay, Dl unit 83 

In FIG. 7 one of the alternate implementations of Bit Rate or optional bypass switch 8.4 for further processing to units 

Agile (BRA) transmitters is shown. The illustrated embodi- 65 8.5 and 8.6. Units 8.5 and 8.6 implement one or more I and 

mentof the current invention uses a variation and alternative Q processing operations of Intersymbol Interference(ISI) 

implementations of the "Basic Cross-Correlator" (XCor) and Jitter Free (IJF) signals such as cross-correlated 
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amplitude-adjusted LIF signals or other TCS cross- replaced with other wavelets than the aforementioned sin 
correlated and/or ixm-cross-correlated signals including and cos function generated wavelets. On lead lOo.l an input 
binary and multilevel SQAM signaling elements in cascade analog, digital or mixed signal is provided to Unit 10a 2 also 
with LR filter subsystems such as IIR and/or FIR processors designated as Filter 1. This filter as well as other components 
which are operated in a BRA mode. Units 8.7 and 8.8 are 5 of the transmitter are Clocked/Controlled and/or Sampled by 
D/A optional single shared D/A, or multiple D/A converters one or more 10ki.3 signals, designated for short by the letter 
that provide signals to the second set of filters 8.9 and 8.10. C. Filter 1, 10a 2 is a Gaussian shaped, Butterworth, Bessel 
Analog, digital or hybrid hardware, software or firmware in or other filter or combination of filters and processors and it 
unit 8.11 implements an optional cross correlator. Hie I and is configured in LPF, BPF or HPF mode. Unit 10a. 4 is a 
Q output signals of 8.11 are provided as baseband drive to second signal processor. It embodies an Integrator or some 
signals of the QM 8.12. Local Oscillator (LO) 8.13 provides TCS signal shaping units and/or LR filter ACM implemen- 
the RF unmodulated CW to the QM. The QM provides to tation. Splitter 10u.5 splits the signal into I and Q signals and 
Amplifier 8.14 a signal for amplification to antenna 8.15 or it may implement the splitter and/or Serial to Parallel (S/P) 
to the transmission medium. One of the embodiments has a converter and variations of elements 2.10 to 2.15 and/or 224 
very simple/efficient implementation of the TCS response is to 233 of FIG. 2. The I and Q signals provided by the lto.5 
cross correlated transmit (Tx) processor with only 4 splitter output are further spectrally shaped and limited by 
samples/symbol and only three(3) wavelets. the set of I and Q channel LPF's, designated as Filt 21 and 
In FIG. 9 Peak Limited (PL) and other TCS response Filt 2Q. These optional (Opt.) F2I and F2Q Bit Rate Agile 
signal patterns of this invention as well as that generated by Filter(BRA) elements 10a. 6 and 10ti.7 in FIG. 10b are TCS 
the prior art Superposed Quadrature Modulated Baseband 20 and/or Long Response(LR) filters, where the term "Long 
Signal Processor ("SQAM") Seo/Feher's US. Pat. No. Response" refers to the typically longer pulse and/or 
4,644,565, Ref. [P4] are illustrated. Signal pattern desig- impulse response of the LR filters than that of the TCS 
nated as 9.11 is a conventional prior art NRZ signal, while filters. This cascaded TCS and conventional filter approach 
TCS pattern 9.12, if it is not cross-correlated with an other is applicable for bit rate agile spectrum enhanced GMSK 
signal or not cascaded with a LR processor, represents a 25 signal generations, also designated as FGMSK containing 
processed prior art SQAM generated baseband signal wave- elements related to U.S. Pat. No. 5,789,402 (for short '402); 
let pattern. If the TCS pattern 9.12 signal is connected to however, with the new single or multiple ACM Cross- 
BRA one or more filters, including LR filters and/or ACM Correlated (X) Single or Multiple Cos (C) and Sin (S) and/or 
Processor's and it is part of I and Q cross-correlated signal Inverter (I) (for short "XCSI" and/or Peak Limiter (PL) 
generators and BRA processors, then it is a new implemen- 30 processor components of this new invention, 
tation of this invention, having a substantially enhanced The second optional (Opt.) filter set is 10a. 6 and 10a .7. 
bandwidth efficient signal. Signal pattern 9.12 is reproduced This set provides for processing of the I and Q signals 
as signal pattern 9.13. The dotted line of signal pattern. 9.14 provided by 10a 3. The XCSI unit 10fl.8 cross-correlates the 
illustrates the TCS processor and cascaded Long Response aforementioned I and Q signals with a C driven clock/ 
(LR) filtered output sample signal pattern. The 9.14 LR 35 sample/control and provides for selectable amount of cross- 
filtered signal pattern is more spectrally efficient than the correlation between the 1 and Q channels, including for a 
9.12 TCS response signal, however it may contain more cross-correlation reduced to zero, i.e. no cross-correlation 
Intersymbol-Interference (ISI), more Data Transition Jitter between the TCS and LR processed signals. In some of 
(for short "Jitter") and higher signal peaks than the TCS alternate embodiments of this invention there is no cross- 
signal pattern. A PL or "Clipped" signal pattern 9.16 of this 40 correlation apparatus used. In units 10a. 91 and lfa.9Q 
invention is illustrated with dotted lines adjacent to signal optional additional filtering processing is implemented by 
pattern 9.15. Signal clipping and/or smooth gradual or soft optional units F3I and F3Q. These units provide optional 
PL or abrupt peak limiting of TCS, and/or of TCS response ACM filtered/processed BRA cross-correlated or not-cross- 
processors cascaded with LR filters and/or cross-correlated correlated I and Q signals to the Quadrature Modulator unit 
signals reduces the overall signal excursion of the peak to 45 10a. 10 which in turn provides the signal of amplification to 
peak amplitude variation of the I and Q signals. It also Amplifier (Amp) 10a. 11 and to output port 10a. 12 for signal 
reduces the envelope fluctuation of the I and Q modulated transmission or broadcasting. The output port is represented 
signal. Applications include I and Q analog and digital by connector 10a. 12. 

signals, including Orthogonal Frequency Division Multi- In FIG. Ua.l a conventional Non-Return to Zero (NRZ) 

pie xed (OFDM), clear mode non-spread spectrum as well as 50 signal pattern is illustrated in Ua.l. In Ma2 a modified 

spread spectrum signals, such as CDMA and also TDM or Return to Zero (RZ) pattern designated as Feher Return to 

TDMA, CSMA and FDMA architectures. Zero (FRZ) data pattern is shown. Both of the NRZ and FRZ 

A Cross-Correlated (Xcor) embodiment of this invention signals are Time Constrained Signals (TCS). The FRZ signal 

for a BRA architecture, and also suitable for ACM operation, Ha2 has an adjustable amount of Delay (D) for the forced 

is shown in FIG. 10a. It is suitable for several classes of 55 transition instance from the logic state 1 to logic state 0. The 

FQPSK, FMOD, FGMSK, FMSK, FGFSK and FQAM FRZ signal is used in some of the TCS embodiments, lla3 

implementations. The implementation includes Gaussian while in other TCS architectures FRZ is not in use. One of 

LPF and Integrator and/or other filter processor as well as sin the advantages of FRZ signals is that they may contain 

and cos look-up and/or other "look up tables". BRA imple- discrete spectral lines and have a more robust performance 

mentations and implementation of TCS and LR filtered/ 60 in RF time dispersive or frequency selective faded systems 

processed Cross-Correlated (CQ baseband I and Q signals if used in conjunction with modulators/demodulators, 

and the corresponding Quadrature Modulator (QM) and RF including but not limited to quadrature modems. The FRZ 

amplifier (Amp) are included in the embodiment of FIG. signal contains, in some embodiments, non-symmetrical or 

10a. The aforementioned term "look up tables" refers to asymmetrical rise and fall times and even pulse shapes. The 

TCS response wavelet storage and/or wavelet generation 65 TCS unit 11 a 3 has as its inputs one or more signals as well 

units. In alternate embodiments the sin and cos wavelet as the "C" signals where C designates optional clocks, 

generators and/or wavelet storage and readout units are and/or sampling including over- and/or under-sampling sig- 
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nals and/or other control signals. The TCS processor in one 126 to components such as multipliers, amplifiers, switches, 

of the embodiments generates Non-Cross-Correlated (NCC) attenuators, inverting amplifiers and "DC shift" units 12a3 

signals while in another embodiment Cross-Correlated (CC) to 12a. 12 for processing and providing signals for further 

signals are generated in unit Ma 3. In the case of digital processing including selective switching or combining, 

processing such as FPGA and/or ROM and/or RAM, digital s In FIG. 12b another analog BaseBand (BB) embodiment 

implementations D/A converters) Ua.4 are provided. In using predominantly analog components is illustrated. Units 

one of the embodiments a single D/A is implemented. Hie 126.1 to 126.5 are signal sources such as previously 

single D/A is providing time shared or time multiplexed described. Unit 126.6 is a previously described clock/ 

signals as I and Q inputs for Quadrature Modulation (QM). sample/controlled source abbreviated with the letter C. Unit 

Prior to QM an optional analog processor and/or filter with 10 126.7 provides selection and/or combinations and permuta- 

possible BRA clocked operation, 11/2.5, is implemented. Hie tions of the signal sources with amplitude adjustments of the 

QM Ua.6 provides BRA quadrature modulated signals to aforementioned signal sources which operate at the same 

optional amplifier or cascaded amplifiers lla.7 which could rate in some embodiments and operate in asynchronous 

operate in a Linear mode or partly linearized mode or in a non-related bit rates to each other in other embodiments, 

fully saturated NLA power efficient mode. The aforemen- is Unit 126.7 provides one or more signals to standard and 

boned amplifier provides the signal to the Antenna llfl.8 or readily available components such as 126.8 to 12624. These 

alternatively to the output port Ma. 9 for signal transmission. components provide inputs to the "select" or "combine" unit 

An alternate embodiment is shown in FIG. 116. The 12625 which has at its input optional Control (CTL), Clock 

implementation of a Bit Rate Agile (BRA) pre -processor Bit Rate (CBR) and Control Sampling Time (CST) signals, 

with single or multiple wavelets (also designated as) Signal 20 One or more of these signals, by itself or in combination, 

Element (SE) storage and/or inverter and of filtered SE and may constitute multiple inputs and are synonymously further 

ACM processors is illustrated. On leads U6.1 and 1162 abbreviated and designated as "C" in several parts of this 

respectively the Data Inputs (DI) and Clock (Q inputs are invention. Units 12626 and 12627 provide further signal 

shown. Here the terms "Data Inputs'* are synonymous with processing for the outputs of 12625 and generate I and Q 

one or more digital or analog or hybrid combined digital/ 25 output signals. 

analog signals having 2 or more signaling states. The term In the embodiment of FIG. 13a an implementation com- 

" Clock" or for short "C" is synonymous with one or more prising mixed analog and digital circuit components is 

clock signals, sampling and control signals as mentioned shown. On lead 13a. 1 the data input or DIN provides two 

elsewhere in this disclosure. Pre-processor 1163 stores I and 13a2 signals for multiplexing control/logic processing and 

Q Signal Elements (SE) for BRA operation optionally 30 memory. In one of the embodiments, logic processing and 

controlled and/or clocked/sampled by the 1162 and 116.4 memory storage/processing converts the input signal to a 

signals/clocks. The pre-processor unit 1163 stores in one of Trellis Coded (TQ baseband signal. Control signals present 

the embodiments a large number of separate and distinct on leads 13a.3 serve as one of the inputs to the N by M 

Signal Elements (SE), also designated as "wavelets", and (NxM) channel multiplexer and cross correlator and/or other 

provides the selected SE in appropriate order to the Mb. 5 35 TCS unit 13a .6. Analog inputs of 13a. 6 could be generated 

single or multiple D/A converters). The D/A converter (S) by unit 13a .4 and further processed by analog components 

provides to unit(s) 116.6 and/or 116.7 I and Q signals for such as the set of components 13a.5 of this particular 

further BRA operation. Selectable filters designated as 1 to embodiment. Units 13a. 7 and 13a.8 provide additional 

N and/or a bank of filters are used in one of the ACM digital timing bit rate and sample clock scaling, n/m rate 

embodiments of 116.6 and U6.7 and provide the I and Q 40 division and miscellaneous logic functions embodied by 

signals to ports 116.8 and 116.9. standard logic gates and/or DSP and/or Analog Signal Pro- 

In FIG. 12, including 12a and FIG. 126 predominantly cessing (ASP) components, 
analog components used in analog implementations and FIG. 14 shows an alternate design of the current invention 
embodiments of this FQPSK and related transceiver including a bank of switchable filters/processors with Lin- 
embodimcots are shown. In addition to some of the active 45 earized Phase or Phase Linear (PL) and Not Linear Phase 
components depicted in these figures, embodiments of the (NLP) Filters. Phase Linearization Components may be 
virtually same functions as those with analog components entirely deleted or, if included in this implementation, they 
are implemented with passive analog components. The may be switched in and out in this hybrid analog and digital 
individual components are conventional off-the-shelf avail- transmit implementation of the transmitter. Unit 14.1 is the 
able components described in detail in prior art publications 50 embodiment of a I CS processor for time constrained signals 
including patents and detailed descriptions of these compo- with or without cross correlation implemented for FQPSK or 
oents are superfluous. In particular in FIG. 12a analog FGMSK or FQAM or FMSK or related BRA signals. The 
implementation components for cross-correlated and non- output(s) of the 14.1 TCS processor provides one or more 
cross-correlated BRA processed TCS and/or LR filtered signals to the optional D/A unit 14.2. The outputs of the 
and/or ACM signals are shown. In FIG. 12a unit 12a. 1 is a 55 single or multiple D/A or of 14.1, in case 142 is not used, 
"COS" that is cosine or sine wave generator. One of the are provided to the cascaded I and Q filters and Switches 
well-known embodiments of 12a. 1 is a readily available 143 to 14.5. While the filters are indicated as LPF-1 to 
analog Free Running Oscillator (FRO). Unit 12a 2 is a LPF-3, they have been implemented as low-pass, band-pass 
"Direct Current'* (DC) source while 12a 3 and 12a .4 re pre- and high-pass filters providing the LR pulse response with or 
sent an alternate COS source and a Square Wave Source, 60 without phase equalization. These filters may be designed 
respectively. Even though COS and SIN sources are illus- for Agile Cascaded Mis-Matched (ACM) systems. An alter- 
nated as separate components, embodiments include single natc embodiment comprises TCS unit 14.6 connected 
source COS or SIN sources/generators which may be con- through optional D/A unit(s) 14.7 to the bank of 14.8, 14.9 
verted to Triangular Square Wave or other periodic or and 14.10 selectable or combined switched phase equalized 
non-periodic sources. The aforementioned signal sources or 65 or non-phase equalized parallel and/or cascaded units LPF- 
signal generators are connected in a variety of configurations II, LPF-1 Q to LPF-M1 and LPF-MQ filters. On output ports 
such as the exemplary embodiments of FIG. 12a and FIG. 14.11 and 14.12 the processed I and Q signals of the 
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aforementioned particular embodiment of this invention are symbol, Le., 2 times per bit or at other sample intervals. The 

available for further processing. sampled signal wavelet values are stored in architectures 

In FIG. 15 one of the predominantly digital BRA and containing memory devices. Signal element or "wavelet" 
ACM alternative implementations is shown. The embodi- S4, designated as 16.4, is simply a DC component in this 
ment of digital processor based implementation, followed by 5 particular embodiment In some of the TCS embodiments SI 
one or more D/A converters and BRA Long Response (LR) to S4 are cross-correlated between the I and Q channels and 
filters are shown in the architecture of FIG. 15. The block have continuous derivatives at the signal transitions, while 
diagram of FIG. 15 is an alternative embodiment of this in other embodiments the TCS signals are not Cross- 
invention having a TCS signal generator in cascade with the Correlated. Alternate embodiments have a more or lesser 
2"* processor set of bandwidth spectral shaping LR filters. 10 number of wavelets than illustrated in FIG. 16. 
The LR filters are designated as LFF. The embodiments An implementation of FQPSK baseband signal proces- 
inctude analog and digital LR filters including combination sor's taking advantage of inverse and symmetrical properties 
and selections between LPF, BPF and HPF and other analog of its waveforms is described in this section related to 
or digital filters. Data encoder 15.1 has at its input the Input previously described figures and embodiments and in par- 
Signal" and the "C signals. For simplification reasons of is ticular in relation to FIG. 15, FIG. 16 and FIG. 17. Instead 
this and some other figures of this invention, the C signals of the storing all the basic entire or whole "Wavelets" of the 
are not always drawn on the respective figures and are not baseband signals, one of the implemented designs with 
connected in the diagrams to all of the possible inputs. ROM lookup table uses only 3 "basic" wavelets. To simplify 
Following data encoding, implemented by conventional the implementation of cross-correlated FQPSK baseband 
digital and/or analog components and/or DSP and/or soft- 20 signals, we use the symmetry properties of the wavelets and 
ware or firmware, the signals are provided to an encoding/ the bold function for DC value. In the design there is a 
logic processor which could contain a Shift Register (SR) half-symbol delay between the I and Q channels so that the 
unit 15.2. A flag generator provides one of the output bits to ROM contents in I and Q channels are the same. FQPSK and 
waveform select logic 15.4 for processing. Address genera- FGMSK eye diagrams at the TCS output and also at the 
tors 15.6 and 15.9 provide addressing information to ROM 25 cascaded TCS and LR filters are shown in FIG. 19. As a 
units 153 and 15.6. The ROM units are sampled and their specific design and teaching example the TCS generated eye 
content read out to DAC (Digital to Analog Converters) 15.7 diagram of an FQPSK signal an A-4.707 cross-correlation 
and 15.14. The outputs of the DAC units are provided to parameter is shown in FIG. 19(c). Such an eye diagram is 
units 15.8 and 15.15 for further filtering and providing the measured and/or computer generated at the output of the 
output signals to ports 15.16 and 15.17, the ports for the I 30 embodiments shown in FIG. 10 or FIG. U and/or other 
and Q signals, respectively. disclosed embodiments, including at the outputs of the LR 

In one of the alternate Field Programmable Gate Array filters in BRA operation of the implementation of FIG. 15, 

(FPGA) based implementations of the TCS processor of provided that the D/A converter bas a good resolution 

FQPSK and FGMSK readily available Xilinx Chip Model accuracy e.g. 8 bits/sample and that the LR filter units 15.8 

No. SC4005PC84-6 has been used. While in an other 35 and 15.15 of FIG. 15 have a considerably higher cut-off 

embodiment Xilinx SC400FPGA was used. Other imple- frequency than the inverse of bit rate. It can be seen that in 

mentations used Alterra and Intel devices. The wavelets used the FQPSK eye diagram of FIG. 19(c) there are 10 kinds of 

in one of the designs used 16 samples for 1 symbol time Ts waveforms or wavelets during half-symbol duration (from 0 

duration while in an other embodiments used only 4 samples to 8 or 0 to Ts/2). Thus it is possible to pre-calculate the 

for 1 symbol time Ts. Each sample was encoded in one of the 40 waveforms directly from the input data. FIG. 15 shows one 

implementations into 10 bits/sample with D/A converters of the implementation architectures of the designed FQPSK 

having 10 bit resolution, in other cases 4 bits/sample were baseband processor using this approach. In FIG. 16 the 3 

used. half-basic waveforms needed to generate all the possible 

In one of the embodiments of FIG. 15, a data encoder, TCS response wavelets for FQPSK are shown. Based on the 

4-bit shift register, I and Q waveform select logic, address 45 symmetry and inverse properties of the whole set of the 

generators based on ROM implemented components, D/A wavelets illustrated in FIG. 19(c), instead of 10 only 3 

converters, Clock and Sampling Generators and output waveforms plus a DC value (holding function for DC value) 

latches are used. This particular design does not use a are required. In this design, 4 samples/symbol (or 2 samples 

half -symbol physical delay component in one of the (I or Q) per bit) are used to implement the waveforms of FQPSK. 

baseband channels. Rather, the half -symbol offset between 50 In FIG. 17, BRA" Wavelets" for FGMSK are shown, 

the I and Q channel output waveforms is obtained by These Gaussian wavelets are suitable for smaller size 

appropriate waveform selection procedure. memory implementations, for bit rate agile GMSK signaling 

In FIG. 16 "Wavelets" or Basic Signaling Elements (SE), having a BTb«0.5 parameter. This FIG. 17 depicts TCS 

for FQPSK designated also as "Wavelets" and/or "Signal Wavelets for use in LR filtered enhanced performance 

Components" or merely "Signals" are shown. This FIG. 16 55 reduced spectrum BRA systems. Only four (4) signaling 

depicts TCS Wavelets for enhanced performance FQPSK elements are required in this embodiment of the TCS part of 

signal generation with a Cross-Correlation of A=0.7 and in the FGMSK processor. With the embodiment of FIG. 15 and 

particular for TCS wavelets with only four (4) signaling other alternate digital and/or analog embodiments these 

elements required for storage — suitable for high speed and signals can be easily generated even at very high bit rates, 

integrated TCS and cascaded filter LR processing solutions. 60 The appropriately assembled I and Q cross-correlated TCS 

The appropriately assembled I and Q cross-correlated TCS sequence is provided to BRA Long Response (LR) filtering 

sequence is provided to BRA Long Response (LR) filtering of I and Q channels. In FIG. 17 the signals 17.1, 17.2, 173 

of I and Q channels. Signals 16.1, 16 2, 163 and 16.4 in FIG. and 17.4, also designated as SI, S2, S3 and S4, are illustrated 

16, also designated as SI, S2, S3 and S4, are illustrated across one symbol interval. For 4 signaling state systems one 

across one symbol interval. For 4 signaling state systems one 65 symbol corresponds to two bits. Thus, Ts=2Tb in duration, 

symbol corresponds to two bits, thus Ts=2Tb in duration. The SI to S4 signals could be sampled and stored 4 times per 

The St to S4 signals could be sampled and stored 4 times per symbol, i.e., 2 times per bit or at other sample rates. The 
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sampled signal wavelet values are stored in architectures and FQPSK systems is a definitive advantage in new product 

containing memory devices such as the previously disclosed developments. Additionally some of these systems are also 

ROM based embodiments. The FGMSK signal shapes have backward compatible with the previously patented Feher 

different shapes from the SI ... S4 signals illustrated in FIG. BPSK (for short FBPSK and FMOD) systems, such as 

16. In some of the embodiments for use in FGMSK the SI 5 disclosed in [PI] and [P2] and the references in the afore- 

to S4 wavelets are cross-correlated between the I and Q mentioned U.S. Patents and cited references, 

channels. In other embodiments for FMSK the signals are A multi-state QM architecture for 4 or more than 4 states, 

not cross-correlated, or have different cross-correlation algo- designated as FQAM is illustrated in the embodiment of 

rilhms and embodiments than in FGMSK and/or have con- FIG. 20. In this implementation block diagram of an FQAM 

tinuous derivatives at the signal transitions. Alternate 10 multi-state Cross-Correlated BRA Transmitter a single RF 

embodiments have a larger or smaller number of wavelets Amplifier operated in fully saturated NLA mode or Linear- 

than illustrated in FIG. 16 and in FIG. 17. ized (Lin) mode of operation is used. The Input Signal is 

In FIG. 18 Differential Encoding (DE) and Differential connected to an optional Encoder unit 20.1. This unit, if used 

Decoding (DD) of FQPSK and FGMSK is shown. A differ- includes logic processing and Encoding functions such as 

ence between the DE of this bit rate agile FGMSK encoder 15 Trellis Coding or CRC or FEC or DE or Gray Coding, Serial 

from that of conventional GMSK is in the algorithm differ- to Parallel conversion and/or other digital processing func- 

ence of these two DE and Corresponding Differential dons. In one of the embodiments an optional S/P (Serial to 

Decoding (DD) embodiments. The new DE for FGMSK is Parallel) converter, unit 202 is included to process the 

fully compatible and interoperable with conventional signals received from 20.1. The Signal Mapper 203 maps 

OQPSK; the DE of prior art bit rate agQe GMSK is not 20 the binary signals from 2 states to M states (levels) and 

Eye diagrams shown in FIG. 19 are hardware measured includes in some of the embodiments Cross-Correlation 
and computer generated diagrams for Cross-Correlated BRA between the binary and/or between the converted multi-state 
signals at various measurement/display points. The eye signals. The outputs of the Signal Mapper TCS unit 203 are 
diagrams of DE prototype BRA apparatus transmit signals connected to D/A converters 20.4 and 203. The D/A Cross- 
are presented In FIG. 19(a) FGMSK eye diagrams of I and 25 Correlated BRA signals are TCS multilevel Cross- 
Q baseband signals with BTb^)3 are shown prior to the LR Correlated signals with variable and/or presetteable Xcor. In 
cascaded performance enhancement I and Q filters. In FIG. alternate embodiments no cross-correlation between the I 
19(b) eye diagrams of I and Q baseband signals of an and Q signals is implemented. The D/A outputs are fed to 
FQPSK transmitter, operated in a BRA mode having a 20.6 and 20.7 filters, indicated in the drawing as LPF. These 
cross-correlation parameter A-0.7 after the BRA processor 30 filters are LR filters and are implemented with IIR digital or 
LR filters (I and Q filters) are shown. In this case the LR BR analog niters or a combination of conventional analog or 
filters have a relatively high cut-off frequency relative to the digital filters. The BRA signals, which have been Cross- 
symbol rate. In FIG. 19(c) an FQPSK computer generated Correlated and are TCS in cascade with LR signals are 
eye diagram is illustrated. The I channel eye is shown, for a provide to the inputs of Quadrature Modulator(QM) 20.8. 
Xcor. Parameter A-0.7 prior to LR filters. The eye diagram 35 The QM has an unmodulated Carrier Wave input from unit 
contains only four (4) basic wavelets and represents a TCS 20.9. The Quadrature Modulated signal is processed by an 
eye pattern In FIG. 19(d) hardware measured FQPSK eye optional "Roofing Filter" to remove higher order spurious 
diagrams of I and Q signals are shown for a BRA operation components and is fed to amplifier 20.12 and to antenna 
displayed after the LR filters of the I and Q Channels. This 20.13 or output port 20.14. An optional Pilot Tone or 
particular FQPSK is designated as an FQPSK-B and it has 40 Multiple Pilots are added to the RF signal by Pilot 
a Xcor parameter A«0.7 followed by I and Q post TCS Generator/adder 20.11. Combining adding of pilot signals is 
Low-Pass Filters having LR characteristics. In FIG. 19(e) achieved by hardware combiners or by adding Unmodulated 
the measured vector constellation of an FQPSK-B signal signals over the air through a separate antenna, 
after the LR filters processors of an implemented prototype A 16 state FQAM embodiment is illustrated in the imple- 
system is shown. 45 mentation architecture and block diagram of FIG. 21. This 
Description of Multi-state FQPSK, FQAM, FGMSK and architecture can be extended and/or modified to 64 state or 
FMSK to other larger or smaller number of signaling states. In 

In this section of the detailed description of this invention simple terms NLA Quadrature Modulated systems are gen- 

the focus is on Quadrature Modulated (QM) multiple sig- erated by FQPSK or FGMSK or FMSK type of 4 state QM 

naling state (for short "state") systems with more than 4 50 embodiments (for short the generic term "FQPSK" is also 

signaling states of the QM signal and more than 2 states in used) as described in earlier sections of this invention. If two 

the respective I and Q baseband channels. In the previous NLA four state RF signals are combined than a 16 state NLA 

section the focus was on the description of QM four (4) state signal is obtained. If three NLA four state RF signals are 

FQPSK systems. These four-state systems have, in general, combined than 64 state NLA signal is obtained. If four NLA 

in the I and Q baseband channels 2 signaling states (for short 55 four state RF signals are combined than a 256 state NLA 

"states'*) in the I channel and 2 states in the Q channel. Most signal is obtained and the number of signal states can be 

implementations and embodiments of the 4-state systems further increased by the aforementioned extension of the 

apply to multi-state (more than 4-state) Quadrature Modu- multiple signal combining process. The term "combining" 

lated systems, described in this Section, such as 9, 16, 49 or or "Combiner** or RF signal addition in FIG. 21 is accom- 

64 or 256 state QM systems having 3, 4, 7, 8 and 16 states 60 plished by an RF hardware combiner. Off the shelf, readily 

in the ir respective baseband channels. The technologies and available components, such as Hybrid Microwave 

embodiments described for the multiple state systems arc Combiners, arc suitable for hardware RF combining. On 

also applicable for the implementations and embodiments of lead 21.1 in FIG. 21 an input NRZ data signal is provided to 

4-slate systems. Forward and Backward COMPATIBILITY the input ports of the Serial/Parallel(S/P) Converter 21.2. 

and/or interoperability between the 4-state and, more than 65 Four parallel data signals, designated as 11, Ql and 12, Q2 

four-state, multiple state FQPSK and Feher's Quadrature are provided to FQPSK (or FGMSK or FMSK) modulators 

Amplitude Modulation (FQAM) and multi -state FGMSK 213 and 21.4. One of the embodiments and/or implemen- 
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tations of FQPSK previously disclosed in the detailed outputs where one output set constitutes a separate I and Q 

description of this invention implements 213 and 21.4. The signal or a serial data stream. The S/P converter 232 may 

FQPSK signals are provided to Optional (Opt) contain an optional cross correlator (Xcor). As the input 
preamplifiers, which operate in Linearized(LIN) or NLA signal is S/P converted, the data rates on the 1, 2, ... , M 

mode. The High Power Amplifiers (HPA) 21.7 and 21.8 5 input leads to the bank of FQPSK modulators 233 are at an 

provide the RF amplified modulated signals to RF Combiner M times reduced data rate compared to the input data rate. 

21.9, which in turn provides the NLA combined 16-state As an illustrative example of this architecture, if the input 

signal to the output port 21.10. data rate is Fb-10 Mb/s and there are 100 FQPSK modu- 

In Seo/Feher [9] and [P4] and [6; 8] prior art references, lators (M-100), then the bit rate of individual FQPSK 

implementation architectures of NLA systems operated in 10 modulators is 10 Mb/s: 100-100 kb/s. The aggregate trans- 

16-QAM, 64-QAM, 9-QPRS, 81-QPRS and other quadra- mission rate of such a system is not changed. The afore- 

ture modulated systems have been described and/or refer- mentioned parallel data are provided to M modulators 
enced. The aforementioned prior art does not include NLA designated as FQPSK. 1, FQPSK.2, . . . , FQPSK.M, collec- 

cross-correlated, filtered and bit rate agile NLA systems for tively referred to as unit 233. These modulated signals are 

QAM disclosed in this invention, and in particular related to is provided to a set of RF amplifiers, 23.4 and optional RF 

the discussion of FIG. 21 and FIG. 22. Based on these Feber Switches units designated as 23.6. The M amplified signals 

et al. references, one of the embodiments, is related to the are provided in one of the embodiments through RF com- 

architectures of FIG. 21. To obtain a 16-state QAM with biner 23.7 to a single antenna "AntC" unit 23.8 or port 23.9. 

cross-correlated FQPSK signals that are NLA through HPA1 In an alternate use the M modulated and amplified signals at 

and HPA2, the RF amplifiers and RF combiner are adjusted 20 the outputs of RF amplifiers 23.4 are provided to the antenna 

to have an RF combined output fed to RF combiner, unit array 23.5 designated as Ant.l, Ant.2 ... to AnLM. If the 

21.9, which provides the RF combined output 21.10. The RF Antenna Array architecture is used, then the M signals are 

combined output power generated by unit 21.7 — HPA1 is 6 "Over the Air Combined" signals. If a hardware RF com- 

dB higher than the RF power provided to output 21.10 by biner 23.7 is used with a single antenna 23.8 or output port, 

HPA2 designated as unit 21.8. 25 then the architecture represents a hardware combined 

FIG. 22 is the implementation architecture of "Over the embodiment. An advantage of the "Over the Air Combined" 

Air Combined" FQAM signal generation by implementing 2 architecture is that all RF amplifiers within the set 23.4 may 

or more FQPSK and/or FGMSK type of signals. In FIG. 22 operate in fully saturated NLA power efficient mode, 

instead of the use of a hardware embodied RF Combiner to FIG. 24 is an alternate Antenna Array and RF Combining 

combine the HPA1 and HPA2 signals, the output signals of 30 implementation architecture of multiple FQPSK type of 

HPA1 and HPA2 are fed to two separate antennas and signals. This figure illustrates multiple TCS and/or filtered 

transmitted as wireless signals "over the air." In this archi- BB processors connected to an antenna array and/or RF 

lecture RF Combining is achieved "Over the Air" that is the combiner. Input lead 24.1 contains an input signal or a 

RF signals are transmitted over a wireless medium and multitude of signals, which could comprise analog signals, 

combined in the receiver antenna. 35 digital binary or digital multilevel signals, or other signals, 

The baseband processor, quadrature modulator and signal for short "Input Signal." Unit 24.2 receives the input signal 

amplifiers architecture of the NLA signals, "Over-tbe-Air and processes it with a TCS containing optional LR filters 

Combined " is closely related to that of FIG. 21 which uses and/or a 1*' set of cross correlators (Xcor) for FQPSK 

the hardware RF combiner. The input NRZ data on lead 22.1 signals. A Bit Rate Agile clocked bank of filters 243 

is provided to a Serial/Parallel (S/P) unit 22 2 which pro- 40 receives the signals of 24.2, processes them and provides to 

vides 4 parallel signals two FQPSK quadrature modulators, unit 24.4 which is an optional 2 nd set of Xcor and/or TCS 

units 223 and 22.4. The quadrature modulated signals are with LR response filters and/or Peak Limiter (PL) devices, 

provided to amplifiers, and in particular, to optional NLA The signals from 24.4 are provided to Quadrature Modula- 

22.5 and to High Power Amplifier (HPA) 22.7 in the upper tors 24.5 and to a bank of amplifiers 24.6 in the figure 

part of the figure. HPA-1, unit 22.7 provides the RF modu- 45 illustrated as FA1 to FA3. The RF amplified signals are 

lated signal to antenna 22.9 or to an output port 22.11. In the provided to antenna array 24.8 or to RF combiner 24.9 

lower branch the FQPSK modulator, unit 22.4, provides the through the set of RF switches 24.7. The RF combined 

quadrature modulated signal to optional NLA 22.6 and to output is provided to antenna 24.10 or alternately output port 

HPA-2, unit 22.8. The amplified signal of 22.8 is provided 24.11. 

to antenna 22.10 and/or to output port 22.12. 50 In FIG. 25 ao alternate implementation of encoding and 

To obtain a 16-state QAM with cross-correlated FQPSK signal mapping of FQPSK, FQAM and FGMSK signals is 

signals that are NLA through HPA-1 and HPA-2, the RF shown. In the embodiment of FIG. 25 a trellis coded 

amplifiers and RF combiner are adjusted to have an RF implementation with an appropriate signal mapping for 

combined output fed to antenna 22.9 and/or output port trellis coded generic FQPSK without the need for redun- 

22.11, 6 dB higher in power than the RF power provided to 55 dancy is shown. In addition to trellis coding other coding 

antenna 22.10 and/or output port 22.12. algorithms are suitable for the shown implementation archi- 

FIG. 23 shows the embodiment of an Orthogonal Fre- lecture. The aforementioned other encoders include non- 

quency Division Multiplex (OFDM) type of embodiment redundant Differential Encoding (DE), Gray encoding, 

with FDM signal combining of a number of FQPSK type of encoding/conversion of NRZ signals into RZ or FRZ signals 

Lin or NLA signals. In one of the embodiments of this 60 or Manchester or other sets of signals. Encoding for error 

invention RF Combining is implemented by hardware RF correction and detection may require the insertion of redun- 

componcnts while in an alternative implementation the RF dant bits and Forward Error Correction (FEC) encoders such 

combining is implemented with "Over the Air Combined" as Block Encoders including Reed-Solomon, BCH, 

signals. If multiple antennas are used, then this architecture convolutional, CRC and other encoders are among the 

is also known as an "Antenna Array" (AA) architecture. 65 illustrative embodiments of encoders suitable for FIG. 25. 

Lead 23.1 containing the Input Data (ID) is provided to a The specific trellis encoder schematic diagram and signal 

Serial-to-Parallel (S/P) converter, unit 23.2, having M set of mapping part of FIG. 25 is based on Simon/Yan's published 
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reference [22], which includes logic/encoding 253 and 
signal mapping 25.4. The aforementioned reference does not 
disclose embodiments for TCS and LR filtered changeable 
amount of cross correlated and of filtered Bit Rate Agile 
(BRA) arid/or Peak Limited (PL) implementations and of 
Agile Cascaded Mis-Matched (ACM) filtered systems hav- 
ing single or multiple I and Q readout tables with com- 
pressed memory elements. 

In FIG. 25 trellis coded TCS and LR filtered FQPSK 
signals having BRA applications with or without Cross- 
Correlation and with and without Peak Limiting (PL) cir- 
cuits in the I and Q channels are shown. The digital 
processing parts of the trellis or other encoder precede the 
additional TCS and LR and other processors in the imple- 
mentation embodiment of FIG. 25. In alternate embodiments 
the digital encoder with and without trellis coding is inte- 
grated in one block and one function with parts or all of the 
TCS and LR blocks or the order of processing is changed. 
Illustrative Performance of Exemplary System 

The performance of illustrative and some of the "best- 
illustrative" embodied FQPSK and related BRA systems of 
this invention is highlighted. This invention includes numer- 
ous embodiments and has a large class of subsystems and 
implementation details as well as designations. For this 
reason the term "best-illustrative" is used herein. For some 
users and designers "best" means the narrowest possible 
spectrum at a Power Spectral Density (PSD) of about -20 
dB to meet certain FCC mandated requirements, while for 
other users the "best" PSD is defined at -70 dB for others 
"best" refers to best Bit Error Rate (BER) performance in an 
Additive Wide Gaussian Noise (AWGN) operated 
environment, while for some others the "best" or "optimum" 
BER-f(Eb/No) performance is most desired. Other catego- 
ries of the term "best" could mean fastest synchronization or 
re-synchronization of a receiver/demodulator or "best" BER 
performance or smallest number of outages in an RF delay 
spread-frequency selective faded environment with the 
"best," that is, fastest and highest performance adaptively 
equalized demodulators. A large category of designers and 
users of this invention might define "best" as the lowest cost 40 
commercially available equipment from numerous sources 
having the highest spectral efficiency simultaneously with 
the smallest size for a certain RF power and the "best," i.e., 
maximal Bit Rate Agile (BRA) flexibility and/or interoper- 
ability and compatibility with previous generations and 45 
implementations of FQPSK and/or of other "legacy" sys- 
tems. For the aforementioned reasons the term "best illus- 
trative" is used in the performance attained with some of the 
aforementioned "best" implementations. 

As an illustration of one of the "best illustrative" NLA 
spectra, the Power Spectral Density (PSD) of NLA wireless/ 
telemetry system is illustrated in FIG. 26. The multiple data 
links in these telemetry systems are operated at specific bit 
rates of 13 Mb/s rate per link. The spectra shown in FIG. 26 
are typical for spectral usage in the U.S. for the U.S. 
Government-authorized band of 2200 MHz to 2290 MHz for 
Government applications. In FIG. 26 one or more of the 
modulated and received signals is shown to be in the 18 dB 
to 20 dB lower than that of adjacent signals. In "real- life" 
systems it is often the case that the desired signal power is 
about 20 dB lower in power than that of the adjacent signals. 
With telemetry standardized filtered PCM/FM systems, at 
the aforementioned 13 Mb/s rate, 3 data links can be used 
simultaneously. During the 1990s, filtered PCM/FM systems 
have been extensively used. With emerging FQPSK systems 
and in particular Draft Standardized FQPSK-B systems the 
number 13 Mb/s rate links is doubled to 6, while with 
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16-state FQAM, also designated as FQPS1C2.4 the number 
of 13 Mb/s links is quadrupled (over that of standardized 
PCM/FM) to 12 data links. Thus the spectral efficiency of 
FQPSK is double that of standardized filtered PCM/FM and 
the spectral efficiency of FQAM with 16 states and operated 
also in an NLA mode is quadruple that of the standardized 
filtered PCM/FM systems. 

From FIG. 26 illustrated spectra it is noted that the 
Integrated Power from the adjacent channels falling into the 
desired channel may have a significant impact on the per- 
formance of the desired channel* In the referenced publica- 
tions and patents the importance of Integrated Adjacent 
Channel Interference (ACQ is highlighted and described. 
For this reason the Power Spectral Density (PSD) and the 
ACI of Linearly (Lin) and of NLA transmitted FQPSK and 
GMSK signals is shown in FIG. 27. The PSD and Integrated 
ACI of hardware measured prototype FQPSK-B in a NLA 
transmitter and of a BRA linearized (Lin) transmit FQPSK 
is illustrated in the upper part of FIG. 27. In the lower part 
of FIG. 27 the Integrated Adjacent Channel Interference of 
FQPSK systems with that of GMSK systems is compared. In 
this figure "W" denotes the frequency spacing between 
Adjacent Channels. In case of GMSK which has been 
implemented with BRA embodiment described in this 
invention and designated as FGMSK having a Gaussian 
filter and bit duration (Th) product of 0.25 has been used in 
the computed ACI result shown in FIG. 27. The computed 
ACI of a BTb-0.25 filtered system with considerably steeper 
filters than that of conventional Gaussian receive filters was 
simulated by JPL/NASA The ACT curves for FQPSK-B and 
FQPSK-D1 as well as FQPSK-Lin are also included. Note 
from the results the sign ificant( approximately 2 to 1 at -60 
dB) spectral ACI advantages of FQPSK over that of GMSK 
systems. 

Multi-state FQAM systems such as 16-state FQAM des- 
ignated also as FQAM- 16 and FQPSIC2.4 (the first number 
in this latter abbreviation indicates 2~ / generation FQPSK 
while the 2nd having 4 signaling states per I and per Q 
channel). In NLA systems have approximately double the 
spectral efficiency of the already-spectrally-efficient FQPSK 
systems including BRA systems operated in an FQPSK-B 
mode disclosed in this invention. The abbreviation 
"FQPSK-B" is a designation for cross-correlated FQPSK 
systems having an embodiment in which the TCS cross 
correlators are cascaded with LR filters operated in a BRA 
mode. The substantial spectral saving attained by 16-state 
FQPSK systems over alternative conventional 16-QAM 
pre-RF amplification filtered systems is illustrated by the 
computer-generated results shown in FIG. 28. 

In FIG. 28 the ACI results of illustrative FQPSK.2.4 (also 
designated as FQAM- 16) state systems, obtained after fully 
saturated NLA, are compared with that of NLA conventional 
pre -modulation filtered 16-state QAM systems. The spectral 
efficiency advantage of the illustrated FQAM is more than 
200% over that of prior art QAM at -30 dB and FQAM has 
an even more significant spectrum advantage in terms of 
ACI at the critical -40 dB to -60 dB range. High perfor- 
mance systems require a robust BER performance in Addi- 
tive White Gaussian Noise (AWGN) and also other inter- 
fering and noise environments. A frequently-used 
performance indication is the BER performance as a func- 
tion of the available Energy of a Bit (Eb) to Noise Density 
(No) ratio. For RF power efficient as well as spectrally 
efficient systems having a robust BER, the NLA system 
performance in terms of BER =f(Eb/No) is specified for 
numerous system applications. In particular, in FIG. 29 the 
performance of FQPSK is highlighted. 
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FIG. 29 The BER performance, in terms of BER«f(Eb/ frequency range is shown. Unit 31.2 is an optional "roofing" 
No), of prototype measurements and Computer design/ BPF or other filter to protect the front end of the A/D 303 

software generated data of FQPSK systems illustrated that unit from oul-of-band signal overload. The A/D provides 

NLA FQPSK is within about 0.5 dB of the ideal theoretical serial or parallel signals for further digital processing, deci- 

LIN amplified QPSK systems. Simple bit by bit detection as s sion making and decoding in unit 31.4. The data is provided 

well as trellis decoding without redundancy has been used. to output port 31.5. 

In FIG. 29 curve (a) represents an ideal theoretical linearly FIG. 32 shows Antenna Arrays (AA) in this multiple 

(LIN) amplified system, while curve (b) represents a BER transmit and receive with omni and/or directional antenna 
optimized NLA-FQPSK, and curve (c) represents a BRA embodiment. This architecture with Adaptive Antenna 

and MM hardware-prototype measured FQPSK-B system 10 Arrays (AAA) has the potential to increases the NLA 

performance, prior to optimization. spectral efficiency of FQPSK, FQAM and FGMSK systems 

Detailed Description of Exemplary Embodiments of Receiv- to more than 30 b/s/Hz by processing the transmit and/or 

ers and of Demodulators receive antenna signals in a directional mode. An interesting 

Receivers and Demodulators are described in this section. prior art reference is Winters [23], which contains several 

Signal reception, adaptive equalization, demodulation, fast 15 system applications of system applications of conventional 

and robust synchronization, bit recovery, Non Redundant non-patented modulated systems. The potential advantage of 

Error Detection (NED), online in service monitoring, Non the embodiment of FIG. 32 for FQAM and FGMSK systems 

Redundant Error Control (NEC) and new architectures and as due to the fact that the FQPSK and FQAM type of 

embodiments for Bit Rate Agile (BRA) and NLA cross- systems are suitable for NLA power and RF spectral efficient 

correlated FQPSK, FQAM and related systems are disclosed 20 robust performance operation with single, dual and multiple 

in this part of the invention. antennas. Larger number of AA further increases the spectral 

In FIG. 30 a generic receiver and demodulator is shown. efficiency and thus capacity of the systems of this invention 

In this FIG. 30 demodulation of FQPSK type of signals, by in specific geographic areas covered by the AAs and AAAs. 

using quadrature demodulation structures such as QPSK, FIG. 33 shows a Pseudo-Error (PE) on-line, or in-service 

QAM and OQPSK demodulation, enhanced by the archi- 25 monitor generic block diagram with on-line Probability of 

tcctures of the embodiment, illustrated in this figure is Error (Pe) monitor, diversity control, adaptive equalization 

accomplished. Fast signal acquisition is attained and numer- control and Non-Redundant Error Control circuit also des- 

ous other performance enhancements are achieved by the ignated as Feher's Non-Redundant Error Control (FN) 

disclosed generic embodiment of this demodulator. Input detection and correction. Non-intrusive on-line, also known 

port and lead 30.1 obtains a modulated signal from a receive 30 as in-service bit error or Bit Error Rate (BER) or Probability 

input port. The optional BPF unit 30.2 is provided in some of Error (Pe) monitoring of received signals has numerous 

of the embodiments in which excessive strength out-of- benefits for the user of digital communication systems Prior 

band/or adjacent channel signals degrade the performance of art references including Feher's [1,2,3] and the references 

the subsequent circuits if this "protection" or "roofing" BPF contained therein describe the operational principles and 

is not present Automatic Gain Control (AGC) circuit 303 35 some of the embodiments of the so-called "Pseudo-Error" 

operates in a linear or in a non-linear (NL) mode. For some on-line bit error detectors." While pseudo-error detection by 

applications an advantage of FQPSK and FQAM type of itself is known from the prior art, pseudo-error monitoring 

signals is that they are suitable for nonlinear AGC operation. of cross-correlated and filtered BRA systems combined with 

From the prior art it is well known that nonlinearly operated pseudo-error monitor generated control signal generation for 

AGC circuits such as " hard- lim iters" and "soft-limiters" 40 adaptive equalization and/or diversity control techniques 

have faster AGC operation than their linear counterparts and and embodiments are part of this new invention, 

in certain environments nonlinear AGCs outperform linear Pseudo-Error (PE) operation, adaptive equalization and 

AGCs and in particular regarding "weak signal suppression" diversity control signal generation by PE generated signals 

and also lead to reduction of Co-Channel Interference and of is described in relation to FIG. 33. On lead 33.1 the received 

Inter-Symbol Interference (ISI) caused by certain RF delay 45 RF signal is present. This signal could be converted to a 

spread — frequency selective faded environments. The convenient IF and/or near the baseband frequency range and 

optional AGC provides the quadrature demodulator 30.7 and could be RF selective faded and/or corrupted by interfer- 

follow-up signal processors including LPFs 30, Analog/ ence. In FIG. 33 an FQPSK received modulated signal is 

Digital (A/D) 30.10, Symbol Timing Recovery (STR) 30.6, illustrated; other types of modulated signals could be also 

Adaptive Equalizer (AE) which could be a blind equalizer 50 processed with the PE based structures of FIG. 33. In 

30.11 and digital logic circuits decoders 30.12 to 30.17 the addition to signal distortion, exhibited in terms of ISI, 

signals for demodulation and decoding. Additional signal caused by RF selective, time-dispersive propagation chan- 

processors which enhance the performance of the receiver/ nels Interference 332 and Additive White Gaussian Noise 

demodulator of this invention include one of the following: (AWGN) 333 is assumed to be corrupting this system by 

switchable changeable Carrier and Symbol Recovery unit 55 having interference and AWGN added to the desired signal 

30.18, Pilot Extraction for unambiguous carrier recovery, path in 33.4. Following the selective faded signal path and 

fast AGC, and Automatic Frequency Control 30.19. Non- interference and noise, the power splitter 33.5 provides the 

Redundant Error Detection (NRED) unit 30.20, Diversity signal to 1 Channel Demodulator 33.7, 33.8 and 33.9 and Q 

Switching Combining Controller 30.21 and Pseudo-Error channel demodulator and to the Carrier Recovery(CR) unit 

On-Line Monitor 3022 units are also included. 60 33.6. The regular demodulated and regenerated data is 

FIG. 31 is a demodulator architecture also known as a present as "Data out to parallel to serial converter" in the I 

"Block Demodulator" and/or digital demodulator or soft- and Q channels. The PE circuit or "Pseudo-error on-line 

ware demodulator. This implementation/embodiment is used detector** has at its input stage an input port, designated as 

for software or firmware or hardware, or combined hybrid a buffer amplifier 33.10, followed by the 33.11 LPF(Low- 

implementations of this invention. On receive port/lead 31.1 65 Pass Filter in the "pseudo" path (lower case "p" in the 

the received RF signal or the received RF signal down- abbreviation) and the regenerator or threshold detector 

converted to a convenient IF frequency or to the baseband 33.12. Unit 33.13 is a clocked Exclusive-OR (ExOR) circuit 
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which has the regular demodulated "Data out to parallel to or multiple control signals, designated as "Control Select 

serial converter** as one of its data inputs "Inl" and has the Signals". Received signal on lead 35.1 is provided to mul- 

regenerated data from the pseudo data regenerator 33.12 as tiple splitter ports 35-2, 35.6 and 35.10. The splitters provide 

its 2 nrf data input w In2*\ The clocked ExOR circuit (the clock signals to variable gain amplifiers Al to An to provide 

input is not drawn to the ExOR-to simplify the drawing) 5 signals to delay components Dl to Dn. The respective 

33.13 provides binary pulses to the Pp(e) to P(e) converter components are: 35.2 to 35.14. The upper and tower 

33.14. Unit 33.14 is implemented by simple logic and branches of the split signals are re^combined in adders 353, 

counter circuits and/or as part of a micro-processor and by 35 1 ^ 35 n ^ si 8 nal selection switch, Switch unit 

software, hardware or firmware. 3514 ****** oae of me & si g° als P rcscDt at 353, 35.7 and 

Pseudo-ErronTE) implementations and their operating 10 3 ^U combiner outp^.^ 

principles have been described in the literature, u^ludini tC?T f m h ^ g * ? 25 

ReAindant Error Control (NREQ cucmt 33.19, which is rt 35 16 dcs ^ h to 35 19 ^ ^ c 

used, for Display of the actual estimated Pe or BER of the detcctor additional proC essing and in turn for signal shaping 

data stream. Implementations of PE detectors, described in is by a rjjp 35.20 for providing signals to the Control Select 

the aforementioned references, or variations of PE detector Generator 35.21. The FR is a combination of an adaptive 

implementations used in this invention serve as Adaptive Feher Equalizer (FE) with selectable and switcbable delay 

Equalize r(AE) control signal generators and Control Gen- components among several branches or "rake branches" of 

erators for Diversity Combining and/or fast synchronization the receiver structure. In this embodiment the receiver 

systems. In one of the structures of this invention 33.14 20 operates based on the principle that if the PE detector and/or 

provides one or more signal lines to the Adaptive Equalizer alternate NEC circuit has a relatively high Pe on line state 

Controller 33.17 and in turn to the Adaptive Equalizer (AE) then one or more of the component values of the delay 

33.18. The AE provides to output ports 33.20 and 33.21 elements will be switched out or in, that is selected, and 

control signals. similarly the gain values of the adaptive equalizer Al, A2, . 

In FIG. 34 an implementation block diagram of a Pseudo- 25 . . , An will be changed, continuously or in discrete steps. 

Error (PE) controlled IF adaptive equalizer of this invention, In FIG. 36 an implementation architecture for multiple 

designated as Feher Equalizer ("FE") is shown. The Adaptive Feher Equalizers (FE) and Feher Rakes (FR) with 

elements, described in conjunction with FIG. 33, described one or more demodulators is illustrated. The received signal 

previously are used in this structure of FIG. 34. At the input on lead 36.1 is provided to splitter port 362 and the splitter 

lead 34.1 the received RF or IF signal is provided to splitter 30 provides signals to units 363, 36.4 and 36.5. These units are 

342. The splitter output, designated as i(t) is fed to a signal FE and FR based on the previously described embodiments, 

combiner 34.46. The lower branch of the splitter provides an These units provide signals to units 36.6, 36.7 and 36.8 for 

input to signal multiplier 343, followed by delay element multiple signal demodulation. Single or multiple PE monitor 

Dl and the multiplied and delayed signal is fed to the second (s) 36.10 provide control signals to select by selection switch 

input of combiner 34.46. The combiner output is fed to an 35 36.9 the best signal. 

IF to baseband quadrature demodulator unit 34.5. The mul- FIG. 37 shows a 2 -branch diversity receiver with an 
tiplier unit 343 receives at its second input one or more adaptive equalizer and a single demodulator. In this embodi- 
conirol signal (s), designated as cl(t) and generated by the ment FQPSK and/or FQPSK type of signals are first 
PE monitor loop. The aforementioned multiplier 343 serves combined, in combiner unit 37.6 and are afterwards Adap- 
as a controlled signal attenuator, that is, it provides a time 40 tively Equalized in unit 37.7. Receiver antennas 37.1 and 
variable attenuation(or time variable gain) in the lower 37.2 provide signals to RF mixers/dowo-converters 373 and 
branch of the "one tap" adaptive IF equalizer comprising 37.5. Oscillator and/or Frequency Synthesizer 37.4 provides 
splitter 342, combiner 34.46, multiplier (also designated as Carrier Wave signals for down-conversion. The IF down- 
mixer) 343, delay element Dl 34.4a and combiner unit converted signals are provided to combiner and/or switch 
34.46. 45 unit 37.6, followed by adaptive equalizer 37.7, by optional 

The Demodulator 34.5 of FIG. 34 has a structure such as Linear or NLA amplifier 37.8 and by Demodulator 37.9. The 

the I and Q channel demodulators shown in FIG. 33. The output demodulated data is available on port 37.10, the 

demodulated "eye" diagram (for definitions and terms such received/bit synchronized clock on port 37.11 and additional 

as eye diagram -see one of the references listed, including [1, timing, such as symbol timing or block sequence timing on 

2 or 3]) through interface 34.6 provides the data output via 50 37.12. One or more of the units and elements of this 

threshold regenerator and logic 34.7 to output port 34.8 and invention, described in conjunction with previous figures are 

the clock to 34.9, while the signals to the PE monitor are on used in the architecture of this FIG. 37. The PE and/or other 

leads 34.10 and 34.11. Single or multiple lead signals on NEC generated control signals provide for best possible 

lead(s) 34.13 are provided to LPF 34.12 for signal shaping combining, including "Equal Gain Combining", "Weighted 

and/or processing and for providing the aforementioned 55 Gain Combining", "Selective Combining" and other com- 

cl(t) control signal to one of the inputs of the multiplier 343 bining methods described in the prior art literature, 

of the adaptive equalization system. The operation of the A fundamental difference is that in this invention the 

adaptive Feher Equalizer (FE) shown in FIG. 34 operates in actual Pseudo-Error rate is used as the pre dominant control 

a baseband to IF feedback loop in which the control signal signal generator and the PE monitor selects and/or combines 

is generated by a PE detector. The PE signal is a binary fully 60 the best performance BER signals, while the prior art 

regenerated signal thus it is not the same type of signal as combiners select or combine based on the received Carrier 

used to control the coefficients of conventional adaptive taps Power or received Carricr-to-Noisc (C/N) ratio. Combining 

of adaptive equalizers. or selecting signals, based on received C/N or received 

FIG. 35 is a diagram of a multiple delay switcbable carrier power (C) may lead to the selection of the inferior 

Adaptive Equalizer (AE) designated as Feher Rake "FR". A 65 performance channel or combing with the wrong ratio or 

Non-Redundant Error Control (NEC) detector, such as a wrong weight, and in particular if the RF channel has serious 

Pseudo- Error (PE) circuit based NEC is used to generate one frequency selective fades. 
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For example the "main RF signal" designated RF main the quadrature modulated output signal and generating an 

from antenna 37.1 has in one instant a much higher received amplified transmit signal for coupling to a transmission 

carrier power than the carrier power on RF diversity antenna medium. 

37 2, Based on prior art receivers, combiners and diversity An eighth embodiment (8) further requires that the bit rate 
selection criteria the "main'* signal would be selected as it 5 agile system further comprising a demodulator receiving and 
has a higher C and thus higher ON. However, in a severe RF demodulating the bit rate agile transmit signal, 
selective faded environment even though the C power of the A ninth embodiment (9) provides in a communication 
mam branch, antenna 31 1 * much larger than that of the a metbod for g^^g bit rale agile ^m- 
diversity antenna 37.2. In this instance the mam antenna •• * e. - * • . °7 . 
signal has much more RF frequency selective fade thus in P^g steps of: receiving an uiput signal and converting the 
much worse performance th? prior art receiver would 10 "JPUt signal mto a plurahty of signal streams; processmg the 
choose/select the main branch with its poor and inferior Polity of signal steams to generate cross^rrelated sig- 
performance, while the FE and/or other NEC based control nals havmg changeable amounts of filtering for bit rate agile 
signal disclosed in this invention would select the diversity m *P hase and quadrature-phase baseband signals; and modu- 
signal with its superior performance. ^ting ™c cross-correlated filtered in-phase and quadrature- 
Additional Description 15 phase baseband signals to generate a quadrature modulated 

Having now described numerous embodiments of the oit ratc a g2 c output signal, 
inventive structure and method in connection with particular A tenth embodiment (10) provides in a signal transmis- 
figures or groups of figures, and having set forth some of the sion system, a method for generating bit rate agile signals 
advantages provided by the inventive structure and method, comprising steps of: receiving a plurality of signal streams; 
we now highlight some specific embodiments having par- 20 processing the plurality of signal streams to generate cas- 
ticular combinations of features. It should be noted that the caded lime Constrained Signal (TCS) response and Long 
embodiments described heretofore, as well as those high- Response (LR) filtered in-phase and quadrature-phase base- 
lighted below include optional elements or features that are band signals; and modulating the Time Constrained Signal 
not essential to the operation of the invention. (TCS) response and Long Response (LR) filtered in-phase 

A first embodiment (1) provides a bit rate agile commu- 25 and quadrature-phase baseband signals to generate a quadra- 

nication system comprises a splitter receiving an input signal hire modulated bit rate agile output signal 

and splitting the input signal into a plurality of baseband An eleventh embodiment (11) provides a Bit Rate Agile 

signal streams; a baseband signal processing network receiv- (BRA) structure comprising a input port for receiving input 

ing the plurality of baseband signal streams and generating data; a splitter having an input coupled to the input port, and 

cross-correlated cascaded processed and filtered bit rate 30 serving to split the input data into baseband signal streams; 

agile (BRA) in-phase and quadrature-phase baseband sig- a baseband signal processing network for receiving the 

nals; and a quadrature modulator receiving and quadrature baseband signal streams and providing cross-correlated and 

modulating the cross-correlated filtered in-phase and filtered Bit Rate Agile (BRA) in phase and quadrature phase 

quadrature-phase baseband signals to generate a quadrature baseband signals; a Quadrature Modulator serving to 

modulated output signal. 35 quadrature modulate the cross-correlated filtered in phase 

A second embodiment (2) further requires of the bit rate and quadrature phase baseband signals; an interface trans- 
agile communication system that the baseband signal pro- mitter port to provide the quadrature modulated signal to the 
cessing network includes a cross-correlator and at least one transmission medium; an interface receiver port to provide 
bit rate agile cascaded mis-matched (ACM) modulator filter. connection of the the cross-correlated filtered quadrature 

A third embodiment (3) further requires of the bit rate 40 modulated signal to the demodulator; and a demodulator 

agile communication system that it comprise: a demodulator structure to serve for Bit Rate Agile (BRA) signal demodu- 

strucnire having at least one bit rate agile (BRA) cascaded lation having Bit Rate Agile (BRA) demodulation filters 

mis-matched (ACM) demodulation filter which is mis- Mis-Matched (MM) to that of the modulator filters, 

matched (MM) to the cascaded processed and filtered modu- A twelth embodiment (12) further requires of the Bit Rate 

lated signal, and operating to demodulate the bit rate agile 45 Agile (BRA) structure structure that the processed in phase 

signal. and quadrature phase baseband signals have amplitudes such 

A fourth embodiment (4) further requires of the bit rate that their vector sum is substantially constant and has 

agile communication system that the at least one processed reduced resultant quadrature modulated envelope fluctua- 

and filtered baseband signal is generated by a plurahty of tions. 

modulator filters, and at least one bit rate agile (BRA) 50 A thirteenth embodiment (13) further requires that the Bit 

demodulator filter is used for signal demodulation. Rate Agile (BRA) structure comprises means for selectively 

A fifth embodiment (5) further requires of the bit rate agile reducing the cross correlating factor down to zero, 

communication system that the plurahty of modulator filters, A fourteenth embodiment (14) provides a Bit Rate Agile 

and the demodulator filter are connected in either serial, (BRA) structure comprising a baseband signal processing 

parallel, or a combination of serial and parallel topology. 55 circuit receiving one or more baseband signal streams and 

A sixth embodiment (6) provides bit rate agile commu- providing cross-correlated and filtered Bit Rate Agile (BRA) 
nication system comprising: a baseband signal processing in-phase and quadrature-phase baseband signals; a quadra- 
network receiving parallel baseband signal streams and ture modulator serving to quadrature modulate the cross- 
generating combined Time Constrained Signal (TCS) correlated filtered in phase and quadrature phase baseband 
response and Long Response (LR) filtered in-phase and 60 signals; a transmit amplifier to provide the quadrature modu - 
quadrature-phase baseband signals; and a quadrature modu- lated signal to the transmission medium; an interface 
lator receiving and quadrature modulating the Time Coo- receiver port to provide connection of the the cross- 
strained Signal (TCS) response and Long Response (LR) correlated filtered quadrature modulated signal to the 
filtered in-phase and quadrature-phase baseband signals to demodulator, and a demodulator structure to serve for Bit 
generate a quadrature modulated bit rate agile output signal. 65 Rate Agile (BRA) signal demodulation. 

A seventh embodiment (7) further requires that the bit rate A fifteenth embodiment (15) provides a Bit Rate Agile 

agile system further comprise: a transmit amplifier receiving (BRA) structure comprising: a baseband signal processing 
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network for receiving baseband signal streams and provid- means for providing BRA and MPS in-phase (I) and quadra - 

ing cascaded Bit Rate Agile (BRA) Time Constrained Signal ture phase (Q) signals; (c) BRA and MPS means for cross- 

(TCS) response and Long Response (LR) filtered in phase correlating a fraction of a symbol or one or more symbols of 

and quadrature phase baseband signals; a Quadrature Modu- the I signal with one or more symbols of the Q signal; (d) 

lator serving to quadrature modulate the cascaded Time 5 means for implementing the BRA and MPS cross-correlated 

Constrained Signal (TCS) response and Long Response signals by analog active circuits, analog passive circuits, by 

(LR) filtered in phase and quadrature phase baseband sig- digital circuits or any combination thereof; (e) means for 

rials; an interface transmitter port to provide the quadrature switching in-out additional filters in the I and/or Q channels; 

modulated signal to the transmission medium; an interface (f) means for Quadrature modulating the I and Q signals; (g) 

receiver port to provide connection of the the filtered 10 means for Linear and/or Nonlinear amplification to provide 

quadrature modulated signal to the demodulator; and a to the antenna; (h) a receiver port for connection of the 

demodulator structure to serve for signal demodulation received cross-correlated signal to the BRA and MFS 

having Bit Rate Agile (BRA) demodulation filters Mis- demodulator, (i) a BRA and MFS quadrature demodulator; 

Matched (MM) to that of the modulator filters. and (j) a Mis-Matched (MM) BRA and MFS demodulator 

A sixteenth embodiment (16) provides a Bit Rate Agile is filter set in which the the demodulator filter set is MM to that 
(BRA) structure comprising: a input port for receiving input of the BRA and MFS filter set of the modulator, 
data; a splitter having an input coupled to the input port, and A twentieth embodiment (20) provides a cross-correlated 
serving to split the input data into baseband signal streams; signal processor for Bit Rate Agile (BRA) and Modulation- 
a baseband signal processing network for receiving the Demodulation (Modem) Format Selectable (MFS) and Code 
baseband signal streams and providing cascaded Time Con- 20 Selectable (CS) means comprising: (a) means for providing 
strained Signal (TCS) response and Long Response (LR) in-phase and quadrature phase signals; (b) means for cross- 
filtered in phase and quadrature phase baseband signals; a correlating a fraction of a symbol or one or more than one 
Quadrature Modulator serving to quadrature modulate the symbol of the in-phase (I) signal with a fraction of a symbol 
Time Constrained Signal (TCS) response and Long or one or more than one symbol of the quadrature-phase (Q) 
Response (LR) filtered in phase and quadrature phase base- 25 signal; (c) means for generating filtered cross-correlated I 
band signals; a transmit amplifier to provide the quadrature and Q signals; (d) means for implementing the cross- 
modulated signal to the transmission medium; an interface correlated signals by analog active or passive circuits, by 
receiver port to provide connection of the the filtered digital circuits or combination thereof; (e) means for pro- 
quadrature modulated signal to the demodulator; and a viding a control circuit to select from a set of predetermined 
demodulator structure to serve for Bit Rate Agile (BRA) 30 cross-correlated signal elements filters and selectable wave- 
signal demodulation. forms in the I and/or Q channels; (f) means for Quadrature 

A seventeenth embodiment (17) provides a structure modulating the I and Q signals; (g) means for Linear and/or 

comprising: an input port for receiving baseband signals; a Nonlinear amplification to provide to the antenna; (h) a 

baseband signal processing network for receiving the base- receiver port for connection of the received cross-correlated 

band signals and providing cross-correlated bit rate agile 35 signal to the BRA and MFS demodulator; (i) a BRA and 

cascaded mis-matched (ACM) processed and filtered MFS quadrature demodulator; (j) a Mis-Matched (MM) 

in-phase and quadrature-phase baseband signals. BRA and MFS demodulator filter set in which the the 

A eighteenth embodiment (18) provides a signal demodulator filter set is MM to that of the BRA and MFS 

processing, modulation, transmission, signal reception and filter set of the modulator. 

demodulation system, for Bit Rate Agile (BRA), Modulation 40 A twenty-first embodiment (21) provides a Cross- 
Demodulation (Modem) Format Selectable (MFS) and Code correlated signal processor for Bit Rate Agile (BRA) and 
Selectable (CS) systems comprising: (a) means for input Modulation-Demodulation (Modem) Format Selectable 
port for receiving input data; (b) splitter means serving for (MFS) and Code Selectable (CS) means comprising: (a) 
BRA, MFS and CS signal splitting, having an input coupled processing means for one or more input signals and provid- 
to the input port, and serving to split the input data into 45 ing in-phase (I) and quadrature phase (Q) signals; (b) means 
baseband signal streams; (c) means for BRA, MFS and CS for cross-correlating the in-phase and quadrature shifted 
baseband signal processing; (d) means for receiving the signals; (c) means for generating in-phase and quadrature 
baseband signal stream and providing for BRA, MFS and shifted output signals having amplitudes such that the vector 
CS systems changeable amounts of cross-correlation sum of the output signals is approximately the same at 
between Time Constrained Signal (TCS) response proces- 50 virtually all phase angles of each bit period for one set of 
sors combined with TCS and Long Response (LR) proces- cross-correlation and filter parameters and the vector sum is 
sors; (e) means for cross-correlated processed in phase (I) not constant for an other set of chosen filter parameters; (d) 
and quadrature (Q) phase baseband signals for quadrature means for quadrature modulating the in-phase and quadra- 
modulation to the I and Q input ports of the Quadrature ture output signals, to provide a cross-correlated modulated 
Modulator (QM); (f) means for an interface unit to provide 55 output signal; (e) means for providing a control circuit to 
the quadrature modulated data to the transmission medium; select from a set of predetermined cross-correlated signal 
(g) means for a receiver interface unit for connection of the elements filters and selectable waveforms in the I and/or Q 
received cross-correlated signal to the BRA and MFS channels; (f) means for Quadrature modulating the I and Q 
demodulator; (h) means for BRA, MFS and CS demodula- signals; (g) means for Linear and/or Nonlinear amplification 
tion; (i) means for post-, demodulation Mis-Matched (MM) 60 to provide to the antenna; (h) a receiver port for connection 
filtering of the BRA MFS and CS demodulated signals in of the received cross-correlated signal to the BRA and MFS 
which the MM demodulator fitters arc mis-matched to that demodulator, (i) a BRA and MFS quadrature demodulator; 
of the BRA and MFS filters. and (j) a Mis-Matched (MM) BRA and MFS demodulator 
A ninteenth embodiment (19) provides a cross-correlated filter set in which the demodulator filter set is MM to that of 
signal processor comprising: (a) means for Bit Rate Agile 65 the BRA and MFS filter set of the modulator. 
(BRA), and Modulation-Demodulation(Modem) Format A twenty-second embodiment (22) provides a cross- 
Selectable (MFS) input port for receiving input data; (b) correlated signal processor comprising: (a) means for cross- 
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correlating a fraction, or one or more than one symbol amplified input signal; (e) means for BRAsignal splitting for 

synchronous and/or asynchronous time constrained signal receiving the amplified input signal; (f) cross correlation 

(TCS) response and cascaded long response (LR) filtered means of BRA data streams; and a BRA signal processor 

signal symbols of one or more input signals with signal means having an in phase and quadrature phase channel 

symbols of a quadrature phase shifted signal of the in-phase 5 each receiving one of the cross-correlated data streams, each 

signal, and providing in-phase (I) and quadrature phase (Q) of the in phase and quadrature phase channel having a first 

shifted signals for Bit Rate Agile (BRA), cascaded mis- delay gain filter, means for generating BRA Cosine and BRA 

matched (ACM) Modulation-Demodulation (Modem) For- Sine values for the in phase and quadrature phase channel 

mat Selectable (MFS) and Code Selectable (CS) processing, data stream; (g) a BRA wave shaper and a second BRA delay 
according to the following schedule: (i) when the in-phase 10 gain filter, such that the signal processor provides in phase 

channel signal is zero, the quadrature shifted signal is close and quadrature phase cross correlated data signal processor; 

to the maximum amplitude normalized to one (1); (ii) when (h) means for quadrature modulation with a BRA modulated 

the in-phase channel signal is non-zero, the maximum signal adaptable for coherent or non-coherent demodulation 

magnitude of the quadrature shifted signal is reduced from of the quadrature BRA Frequency Modulated (FM) signal; 

1 (normalized) to A, where O^A^l; (iii) when the quadra- 15 (i) controlling means and signal selection means for BRA 

hire channel signal is zero, the in-phase signal close to the rate processor selection; (j) selection means for Linear 

maximum amplitude; (iv) when the quadrature channel and/or Non-Linearly Amplified (NLA) baseband and/or of 

signal is non-zero, the in-phase signal is reduced from 1 modulated signals coupling port means to the transmission 

(normalized) to A, where O^A^l; (b) means for quadrature medium; (k) receiver port means for connection of one or 

modulating the in-phase and quadrature output signals to 20 more received cross-correlated signals to the BRA demodu- 

provide a cross-correlated modulated output signal; (c) la tor, (1) BRA demodulator means; and (m) Mis-Matched 

controlling means and signal selection means for BRA rate, (MM) demodulator filtering means for BRA, MFS and CS 

MFS and CS processor selection and selection for Linear demodulation in which the the demodulator filter set is MM 

and/or Non-Linearly Amplified(NLA) baseband and/or of to that of the BRA, MFS and BRA filter set of the modulator. 

Quadrature modulated signals; (d) coupling port means to 25 A twenty-fifth embodiment (25) provides a signal 

the transmission medium; (e) a receiver port for connection processing, modulation, transmission, signal reception and 

of the received cross-correlated signal to the BRA, MFS and demodulation system, designated as Feher's Gaussian Mini- 

CS demodulator; (f) a BRA, MFS and CS quadrature mum Shift Keyed (GMSK) for Bit Rate Agile (BRA), 

demodulator, and (g) a Mis-Matched (MM) demodulator Modulation Demodulation (Modem) Format Selectable 

filter set for BRA, MFS and CS in which the the demodu- 30 (MFS) and Code Selectable (CS) systems comprising: (a) 

lator filter set is MM to that of the BRA, MFS and BRA filter input port for receiving input data; (b) Gaussian low-pass 

set of the modulator. filter and presetable gain integrator for processing the input 

A twenty-third embodiment (23) provides a structure for data and providing filtered input data; (c) a splitter having an 
trellis coding and decoding, of extended memory Bit Rate input coupled to the input port, and serving to split the 
Agile (BRA), Modulation-Demodulation (Modem) Format 35 filtered input data into in phase (I) and quadrature phase 
Selectable (MFS) and Code Selectable (CS) input port for (Q)channel cross coupled data streams such that the I and Q 
receiving input data comprising: a trellis encoder; a BRA, data streams are proportional in gain and phase to the input 
MFS and CS splitter having an input coupled to the input data; (d) a signal processing network for receiving the I and 
port, and serving to split the input data into baseband signal Q channel data streams and providing processed in phase 
streams; a BRA, MFS and CS baseband signal processing 40 and quadrature phase signals, the signal processing network 
network for receiving the baseband signal streams and including a signal processor for varying the modulation 
providing BRA, MFS and CS in phase (I) and quadrature index for the signal processing network; (e) means for 
(Q) phase baseband signals to the I and Q input ports of the generating Cosine and Sine values for the I and Q channel 
transmitter; means for baseband signal processing for BRA, MFS and CS data streams; (f) means for filtering by 
receiving the baseband signal streams and providing for 45 bit rate agile FIR or 1IR or switched filter and/or other post 
BRA, MFS and CS systems changeable amounts of cross- GMSK shaping filters the signals in the I and Q channels 
correlation; means for selectively reducing the cross- such that the signal processor provides in phase and quadra- 
correlating factor down to zero between Time Constrained hire phase cross correlated data signals for quadrature modu- 
Signal (TCS) response processors combined with TCS and lation with a modulated signal suitable for amplification in 
Long Response (LR) processors; a receiver port for connec- 50 linear and non-linear mode; (g) means for providing the 
tioQ of the received cross-correlated signal to the BRA and amplified signal to the transmission port; (h) a receiver port 
MFS demodulator, a BRA and MFS quadrature demodula- for connection of the received cross-correlated signal to the 
tor; and a Mis-Matched (MM) BRA and MFS demodulator BRA and MFS demodulator, (i) a BRA and MFS quadrature 
filter set in which the the demodulator filter set is MM to that demodulator, and (j) a Mis-Matched (MM) BRA and MFS 
of the BRA and MFS filter set of the modulator. 55 demodulator filter set in which the the demodulator filter set 

A twenty-fourth embodiment (24) provides a cross cor- is MM to that of the BRA and MFS filter set of the 

related quadrature architecture signal processor for produc- modulator. 

ing Bit Rate Agile (BRA), cross-correlated in phase and A twenty-sixth embodiment (26) provides a structure 
quadrature phase signal streams for modulation by a comprising: a input port for receiving baseand signals; and 
Quadrature Modulator and transmission and for signal 60 a baseband signal processing network for receiving the 
demodulation comprising: (a) means for receiving an input baseband signals and providing cross-correlated bit rate 
BRA signal selected from the group of binary, multi-level, agile Peak Limited (PL) in-phase and quadrature-phase 
and analog signals and combinations thereof; (b) filtering baseband signals- 
means of the BRA input signal; (c) BRA signal shaping A twenty-seveoth embodiment (27) provides a structure 
means for the filtered input signal; (d) amplification means 65 for Orthogonal Frequency Division Multiplexed (OFDM) 
for varying the modulation index of the BRA signal, the signals comprising: a input port for receiving OFDM base- 
amplifier receiving the filtered input signal and providing an band signals; and a baseband signal processing network for 
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receiving the baseband signals and providing cross- 
correlated filtered in -phase and quadrature-phase baseband 
signals. 

A twenty-eighth embodiment (28) provides a structure 
comprising: a input port for receiving Orthogonal Frequency 5 
Division Multiplexed (OFDM) baseband signals; and a 
baseband signal processing network for receiving the 
OFDM signals and providing cross-correlated filtered 
in-phase and quadrature-phase baseband signals. 

A twenty-ninth embodiment (29) provides a structure 1Q 
comprising: a input port for receiving Orthogonal Frequency 
Division Multiplexed (OFDM) baseband signals; and a 
baseband signal processing network for receiving the 
OFDM signals and providing cross-correlated Peak Limited 
(PL) in-phase and quadrature -phase baseband signals. 

A thirtieth embodiment (30) provides a structure com- 15 
prising: an input port for receiving baseband signals; a 
baseband signal processing network for receiving the base- 
band signals and providing more than two state cross- 
correlated filtered in- phase and quadrature-phase baseband 
signals; a Quadrature Modulator serving to quadrature 20 
modulate the cross-correlated filtered in-phase and 
quadrature-phase baseband signals; and a transmit amplifier 
to provide the quadrature modulated signal to the transmis- 
sion medium. 

A thirty-first embodiment (31) provides a Bit Rate Agile 25 
(BRA) structure comprising: a input port for receiving single 
or plurality of baseband binary input signals; a baseband 
signal processing network for receiving the baseband binary 
signals and providing combined Time Constrained Signal 
(TCS) response and Long Response (LR) filtered multi-level 30 
in-phase and quadrature -phase baseband signals; and a 
Quadrature Modulator serving to quadrature modulate the 
Time Constrained Signal (TCS) response and Long 
Response (LR) filtered in-phase and quadrature -phase base- 
band signals; a transmit amplifier to provide the quadrature 35 
modulated signal to the transmission medium; an interface 
receiver port to provide connection of the the filtered 
quadrature modulated signal to the demodulator; and a 
demodulator structure to serve for signal demodulation. 

A thirty-second embodiment (32) provides a structure 40 
comprising: a input port for receiving a plurality of baseband 
signals; a baseband signal processing network for receiving 
the plurality of baseband signals and providing cross- 
correlated filtered in-phase and quadrature-phase baseband 
signals to two or more quadrature modulators for quadrature 45 
modulation; a set of two or more transmit amplifiers to 
amplify and provide the quadrature modulated signals for 
RF combining; and a combiner device for RF combining of 
the quadrature modulated amplified signals. 

A thirty-third embodiment (33) provides a structure com- 50 
prising: a input port for receiving a plurality of baseband 
signals; a baseband signal processing network for receiving 
the plurality of baseband signals and providing in-phase and 
quadrature-phase filtered baseband signals to two or more 
quadrature modulators for quadrature modulation; and a set 55 
of two or more transmit amplifiers to amplify and couple the 
quadrature modulated amplified signals to two or more 
antennas. 

A thirty- fourth embodiment (34) provides a structure 
comprising: a input port for receiving baseband signals; a 60 
baseband signal processing network for receiving and split- 
ting the signals and for providing cross-correlated filtered 
in-phase and quadrature-phase baseband signals to two or 
more quadrature modulators for quadrature modulation; and 
a set of two or more transmit amplifiers to amplify and 65 
provide the quadrature modulated amplified RF signals to an 
antenna array. 



A thirty-fifth embodiment (35) provides a structure com- 
prising: a signal processing network for receiving and split- 
ting signals and for providing cascaded Time Constrained 
Signal (TCS) response and Long Response(LR) filtered 
in-phase and quadrature-phase baseband signals to two or 
more quadrature modulators for quadrature modulation; a 
set of two or more transmit amplifiers to amplify and provide 
the quadrature modulated amplified RF signals for RF 
combining; and a combiner device for RF combining of the 
quadrature modulated amplified signals. 

A thirty-sixth embodiment (36) provides a structure com- 
prising: an interface receiver port to provide connection of 
received Bit Rate Agile (BRA) cross-correlated filtered 
quadrature modulated signal to the demodulator, and a 
demodulator structure to serve for signal demodulation of 
the signal. 

A thirty-seventh embodiment (37) provides an adaptive 
equalizer structure comprising: an interface receiver port to 
provide connection of received modulated signal to the 
pre-demodulation adaptive equalizer; a pre -de modulation 
adaptive equalizer structure comprising splitter, multiplier 
and delay structure for generating a control signal and 
received modulated signal time delayed product in one 
branch of the splitter and coupling the signal time delayed 
product in one branch of the splitter and the the received 
modulating signal in the other branch of the splitter to a 
signal combiner; a signal combiner structure for combining 
the the delayed control signal and received modulated signal 
product; a demodulator structure for demodulating the com- 
bined delayed control signal and received modulated signal 
product; and a control signal processor for generation of and 
connection of the control signal to the the product multiplier 
circuit. 

A thirty-eighth embodiment (38) provides an adaptive 
equalizer and switchable delay structure comprising: an 
interface receiver port to provide connection of received 
modulated signal to a plurality of splitters, amplifiers, delay 
elements and signal combiners fcr signal selection of the 
received modulated signal; a demodulator structure for 
demodulating the selected received modulated signal; and a 
control signal processor for generation of the control signal. 

The invention further provides methods and procedures 
performed by the structures, devices, apparatus, and systems 
described herein before, as well as other embodiments 
incorporating combinations and subcombinations of the 
structures highlighted above and described herein. 

All publications including patents, pending patents and 
reports listed or mentioned in these publications and/or in 
this patent/invention are herein incorporated by reference to 
the same extent as if each publication or report, or patent or 
pending patent and/or references listed in these publications, 
reports, patents or pending patents were specifically and 
individually indicated to be incorporated by reference. The 
invention now being fully described, it will be apparent to 
one of ordinary skill in the art that many changes and 
modifications can be made thereto without departing from 
the spirit or scope of the appended claims. 

What is claimed is: 

1 . A cross-correlated signal processor comprising: 
(a) means for cross-correlating a first input signal with a 
second input signal to generate cross-correlated 
in-phase (I) and quadrature-phase (Q) output signals 
adapted for Bit Rate Agile (BRA), cascaded mis- 
matched (ACM) Modulation-Demodulation (Modem) 
Format Selectable (MFS) and Code Selectable (CS) 
processing, the first input signal comprising a fraction 
or one or more than one symbol synchronous and/or 
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asynchronous time constrained signal (TCS) response 
and cascaded long response (LR) filtered signal sym- 
bols of one or more input signals, and the second input 
signal comprising signal symbols of a quadrature -phase 
signal, the cross-correlated in-phase (I) and quadrature- 
phase (Q) output signals generated according to the 
following schedule: 

(i) when the in-phase signal is zero, the cross-correlated 
quadrature-phase signal is close to the maximum 
amplitude normalized to one (1); 

(ii) when the in-phase signal is non-zero, the magnitude 
of the cross-correlated quadrature-phase signal is 
reduced from 1 (normalized) to A, where O^A^l; 

(iii) when the quadrature-phase signal is zero, the 
magnitude of the cross-correlated in-phase signal is 
close to the maximum amplitude; and 

(iv) when the quadrature-phase channel signal is non- 
zero, the magnitude of the cross-correlated in-phase 
signal is reduced from 1 (normalized) to A, where 
0^A<1; 

(b) means for quadrature modulating the cross-correlated 
in-phase and quadrature-phase output signals to pro- 
vide a cross-correlated quadrature modulated output 
signal, the means for quadrature modulating including 
a BRA, MFS and BRA filter set; 

(c) controller and selector means for BRA rate, MFS and 25 
CS processor selection and Linear and/or Non-Line arly 
Amplified (NLA) baseband and/or quadrature modu- 
lated signal selection; 

(d) coupling means for coupling the cross-correlated 
quadrature modulated output signal to a transmission 30 
medium; 

(e) a BRA, MFS and CS quadrature demodulator; 

(f) a receiver port for connection of the received cross- 
correlated signal to the BRA, MFS and CS demodula- 
tor, and 

(g) a Mis-Matched (MM) demodulator filter set for BRA, 
MFS and CS in which a filter set of the quadrature 
demodulator is mis-matched to the filter set of the 
means for quadrature modulating. 

2. A cross-correlated signal processor comprising: 
(a) a cross-correlator for cross-correlating a first input 
signal with a second input signal to generate cross- 
correlated in-phase (1) and quadrature-phase (Q) output 
signals adapted for Bit Rate Agile (BRA), cascaded 
mis-matched (ACM) Modulation-Demodulation 
(Modem) Format Selectable (MFS) and Code Select- 
able (CS) processing, the first input signal comprising 
a fraction or one or more than one symbol synchronous 
and/or asynchronous time constrained signal (TCS) 
response and cascaded long response (LR) filtered 
signal symbols of one or more input signals, and the 
second input signal comprising signal symbols of a 
quadrature-phase signal, the cross-correlated in-phase 
(I) and quadrature-phase (Q) output signals generated 
according to the following schedule: 

(i) when the in-phase signal is zero, the cross-correlated 
quadrature-phase signal is close to the maximum 
amplitude normalized to one (1); 

(ii) when the in-phase signal is non-zero, the magnitude 

of the cross-correlated quadrature-phase signal is 60 
reduced from 1 (normalized) to A, where O^A^l; 

(iii) when the quadrature -phase signal is zero, the 
magnitude of the cross-correlated in-phase signal is 
close to the maximum amplitude; and 

(iv) when the quadrature-phase signal is non-zero, the 
magnitude of the cross-correlated in-phase signal is 
reduced from 1 (normalized) to A, where O^A^l; 
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(b) a signal modulator for quadrature modulating the 
cross-correlated in-phase (I) and quadrature-phase (Q) 
output signals to provide a cross-correlated quadrature 
modulated output signal, the signal modulator includ- 
ing a BRA, MFS and BRA filter set; 

(c) a controller and selector for selecting: (1) at least one 
of or any combination of: BRA, MFS, and CS proces- 
sors; (2) at least one of Linearly or Non-fine arly 
Amplified (NLA) baseband signals, or (3) at least one 
of linearly, non-linearly, or partially linearly and par- 
tially non- linearly amplified quadrature modulated sig- 
nals; 

(d) a first coupling for coupling the cross-correlated 
quadrature modulated output signal to a transmission 
medium; 

(e) a second coupling for coupling a received cross- 
correlated quadrature modulated signal from the trans- 
mission medium to a receiver having a receiver port; 

(f) a BRA, MFS, and CS quadrature demodulator; 

(g) the receiver port for connection of the received cross- 
correlated quadrature modulated signal to the BRA, 
MFS, and CS demodulator, and 

(h) a Mis-Matched (MM) demodulator filter set for BRA, 
MFS and CS in which the demodulator filter set is 
mis-matched to the BRA, MFS and BRA filter set of the 
signal modulator. 

3. The cross-correlated signal processor of claim 2, 
wherein the cross-correlated signal processor is adapted to 
process (i) an in-phase signal component; and (ii) a 
quadrature-phase signal component; and 

the in-phase and quadrature-phase signal components 
characterized in that: (i) when the in-phase signal is 
zero, the cross-correlated quadrature-phase signal is 
close to the maximum amplitude normalized to one (1); 
(ii) when the in-phase signal is non-zero, the magnitude 
of the cross-correlated quadrature-phase signal is 
reduced from 1 (normalized) to A, where 0^A^ 1; (iii) 
when the quadrature-phase signal is zero, the magni- 
tude of the cross-correlated in-phase signal is close to 
the maximum amplitude; and (iv) when the quadrature- 
phase channel signal is non-zero, the magnitude of the 
cross-correlated in-phase signal is reduced from 1 
(normalized) to A, where O^A^l. 

4. A bit-rate agile (BRA) and modem format and code 
selectable signal pair comprising: 

an in-phase cross-correlated channel signal component 
adapted for BRA, cascaded mis-matched (ACM) 
Modulation-Demodulation (Modem) Selectable (MFS) 
and Code Selectable (CS) processing; and 
a quadrature-phase cross-correlated channel signal com- 
ponent adapted for BRA, cascaded mis-matched 
(ACM) Modulation-Demodulation (Modem) Select- 
able (MFS) and Code Selectable (CS) processing; 
the in-phase and quadrature-phase cross-correlated chan- 
nel signals characterized in that: 
(i) when the in-phase signal is zero, the cross-correlated 
quadrature-phase signal is close to the maximum 
amplitude normalized to one (1); (ii) when the 
in-phase signal is non-zero, the magnitude of the 
cross-correlated quadrature-phase signal is reduced 
from 1 (normalized) to A, where 0^ A^ 1; (iii) when 
the quadrature-phase signal is zero, the magnitude of 
the cross-correlated in-phase signal is close to the 
maximum amplitude; and (iv) when the quadrature- 
phase channel signal is non-zero, the magnitude of 
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the cross-correlated in-phasc signal is reduced from fraction of a symbol or from one or more than one 

1 (normalized) to A, where O^A^l; and symbol as a time constrained signal (TCS) response 

the bit-rate agile (BRA) cross-correlated in -phase and and cascaded long response (LR) filtered signals, 
quadrature-phase channel signal components are 

derived from at least one input signal stream as a * * * * * 
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ABSTRACT 



A hybrid amplifier and regenerator (HAR) device is 
designed for use in a communications network for carrying 
downstream traffic in a forward frequency band and for 
carrying upstream traffic in a reverse frequency band spaced 
from the forward frequency band and below the forward 
frequency band. The hybrid amplifier and regenerator 
(HAR) device comprises an analog amplifier for amplifying 
the downstream traffic and a digital regenerator. The digital 
regenerator comprises mapping circuitry for mapping digital 
upstream traffic carried in at least one ramp band which is 
part of the reverse frequency band to digital upstream traffic 
carried in at least one express band which is also part of the 
reverse frequency band but spaced from the at least one 
ramp band, and an express band transmitter for transmitting 
digital upstream traffic from the mapping circuitry in the at 
least one express band. 

39 Claims, 11 Drawing Sheets 
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HYBRID AMHJFDER-REGENERATOR FOR distortion and any ingress noise from spurious sources 

OPTIMIZING CABLE NETWORK (typically from the cable subscribers) all converge and 

TRANSMISSIONS accumulate at the respective fibre node. Finally, all the 

amplifier generated noise and signal distortion introduced by 

5 the analog amplifiers and all the ingress noise converge and 

FIELD OF THE INVENTION accumulate at the system head end (along with all the 

The present invention relates to cable television commu- upstream traffic), 

nicalion networks and, in particular, to optimizing upstream a h > rbrid fibre-coax (HFC) architecture, very little 

transmissions in such networks. ingress noise is picked up by the trunks. However, since 

10 much of the ingress noise originates at or near the cable 

BACKGROUND OF THE INVENTION subscribers, much of the ingress noise is not fundamentally 

Cable networks, sometimes referred to as CATV rcduced * ""P?* k ^th ft conventional cable network 

(community antenna TV) networks, serving residential and V s "* ^ ^ cMc :f hra * ^ rovements J rc real ; 

business premises not only provide a medium for the deliv- 15 "?? f!"** £ c ^ phhcr ^ ncrat ^ ^ 

ery of audio and video traffic (e.g. television and radio) for 15 ^£? n ^ ^ T^L^L ^ 1 

jl. i divided over multiple fibre nodes. The cumulative effect of 

which these networks were originally designed but also 4 . 1C *\ . , . ^ " 

£ ■ e , the amplifier generated noise and signal distortion and the 

provide a medium for the delivery of new services such as r . & . , , °\ . t . , 

; ! . , 4 4 «. ■ « 4 ~_ ingress noise on the system head end limits the reliability 

telephony, Internet, multimedia and data services. The new z c . J . , . ^ , . , 7 

sendees can provide the cable system provider with an „ of ^J^S^T 1 ^ , DetWOrk USmg ^ 

additional source of revenue. 20 hybrid fibre-coax (HFC) architecture to cany upstream 

tr affic . 

Originally, many cable networks were designed to carry . . ... , , , 

audio and video traffic (e.g. television and radio) only In «fa to miira the problems identified above, 

downstream from a cable system provider to cable subscrib- P^nsskiUed m the art have proposed that the upstream 

ers. Today, many of the new services, such as telephony, * ^ digital SI gnals and that digital re^n- 

require the cable network not only to carry traffic down- ' ratoi f te ^ ****** al cach analog ampbfier stage. The 

stream from the cable system provider to the cable subscrib- «pn«to» regenerate the digital signals and help 

ers (downstream traffic) but also to carry traffic upstream cka ? ° K ut ~ ™ c .«? of **** regenerators allow for 

from the cable subscribers to the cable system provider ^^ t^a, ^™ ^ t 

(upstream traffic). However, as shown in FIG. 1, conven- 30 P" 0 ^ 100 WOO7AU906, published on Jan. 16, 1997 

tional cable networks are typically implemented as a large th ^ loses me « of r ^ enera !° J rs to and 

analog bus, with analog amplifiers located along coaxial r ^™^°"f^ am c camed outside the recom- 

cablc to boost signals where required. Since all upstream bux ^f h of ™* 111 * conventional 

traffic typically accumulates at a single receiver point at the <^le network Persons skilled in the art have also attempted 

cable system provider, typically called the systemhead end, 35 to ^^.^ above ^ted problems by using reUUvely 

a particular problem that has been experienced is the cumu- costl y> noise immune modulation techniques on the 

lative effect of amplifier generated noise and signal distor- V^*? tr * ffic Code Divisi0n Access 

tion from the analog amplifiers on the upstream traffic. (CDMA) techniques. 

Moreover, another problem that has been experienced with SUMMARY OF THE INVENTION 
the upstream traffic is the cumulative effect of ingress noise 40 

appearing at the system head end from spurious sources such It is an object of the present invention to provide an 

as noise from cable subscriber equipment. A catastrophic improved hybrid amplifier and regenerator (HAR) device, 

ingress of noise from even a single cable subscriber can an improved digital regenerator, an improved communica- 

prevent any reliable upstream traffic from other cable sub- lion network, a method for carrying downstream traffic and 

scribe rs. It is typically very difficult for a cable network 45 upstream traffic in a communications network, and a method 

provider to reduce ingress noise introduced from cable for processing digital upstream traffic in a digital regenerator 

subscribers since the ingress noise is often introduced some- in which the above mentioned problems are obviated or 

where inside the premises of the cable subscribers. Other mitigated. 

sources of ingress noise include noise from amateur radio In accordance with one aspect of the present invention 

(HAM) operators operating near the cable (CATV) network. 50 there is provided a hybrid amplifier and regenerator (HAR) 

Noise from amateur radio operators typically enters the device for use in a communications network for carrying 

cable (CATV) network at a point or points in the coaxial downstream traffic in a forward frequency band and for 

cable where the shield of the coaxial cable has been com- carrying digital upstream traffic in a reverse frequency band 

promised. The cumulative effect of the amplifier generated spaced from the forward frequency band. The hybrid ampli- 

□oisc and signal distortion and the ingress noise limits the 55 ficr and regenerator (HAR) device comprises an analog 

capacity and reliability of the cable (CATV) network to amplifier for amplifying the downstream traffic and a digital 

carry upstream traffic. regenerator. The digital regenerator comprises mapping cir- 

To,minimize the problems identified above, persons cmtry for mapping digital upstream traffic carried in at least 

skilled in the art have used hybrid fibre-coax (HFQ archi- one ramp band which is part of the reverse frequency band 

lectures for cable networks. Fibre optic cable is used on a 60 t0 digital upstream traffic carried in at least one express band 

trunk from a system head end to various fibre nodes. Coaxial which Is also part of the reverse frequency band but spaced 

cable is connected from the fibre nodes to a plurality of cable fr° m the al least one ramp band, and an express band 

subscribers. Analog amplifiers are used on the coaxial cable transmitter for transmitting digital upstream traffic from the 

to boost the downstream traffic and the upstream traffic. The mapping circuitry in the al teasl one express band, 

analog amplifiers often introduce amplifier generated noise 65 In accordance with another aspect of the present invention 

and signal distortion on the upstream traffic and the down- there is provided a digital regenerator for use in a hybrid 

stream traffic. The amplifier generated noise and signal amplifier and regenerator (MAR) device. The digital regen- 
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era tor comprises mapping circuitry for mapping digital a ramp band which is part of the reverse frequency band to 

upstream traffic carried in at least one ramp band which is a plurality of virtual channels carried in an express band 

part of the reverse band to digital upstream traffic carried in which is also part of the reverse frequency band bm spaced 

at least one express band which is also part of the reverse from the ramp band, and an express band transmitter for 

band but spaced from the at least one ramp band, and an 5 transmitting the virtual channels from the mapping circuitry 

express band transmitter for transmitting digital upstream in the express band. 

traffic from the mapping circuitry in the at least one express l n accordance with another aspect of the present invention 
band, there is provided a hybrid amplifier and regenerator (HAR) 
In accordance with another aspect of the present invention device for use in a communications network for carrying 
there is provided a communications network for carrying 10 downstream traffic in a forward frequency band and for 
downstream traffic from a system bead end to a plurality of carrying digital upstream traffic in a reverse frequency band 
cable subscribers within a forward frequency band, and for spaced from the forward frequency band. The hybrid ampli- 
carrying digital upstream traffic from the plurality of cable fier and regenerator. (HAR) device comprises an analog 
subscribers to the system head end in a reverse frequency amplifier for amplifying said downstream traffic, and a 
band which is spaced from the forward frequency band. The 15 digital regenerator. The digital regenerator comprises map- 
communications network comprises transmission means for ping circuitry for mapping digital upstream traffic carried in 
interconnecting the system head end and the plurality of a plurality of virtual channels in an express band which is 
cable subscribers. The communications network further part of the reverse frequency band to a single virtual channel 
comprises a plurality of hybrid amplifier and regenerator in the express band, and an express band transmitter for 
(HAR) devices located at spaced intervals along the trans- ^ transmitting the single virtual channel from the mapping 
mission means. Each hybrid amplifier and regenerator circuitry in the express band 

(HAR) device comprises amplification circuitry for ampli- In accordance with another aspect of the present invention 

tying said downstream traffic and a digital regenerator. Thee there is provided a digital regenerator for use in a hybrid 

digital regenerator comprises mapping circuitry for mapping amplifier and regenerator (HAR) device. The digital regen- 

digital upstream traffic carried in at least one ramp band ^ era tor comprises mapping circuitry for mapping digital 

which is part of the reverse frequency band to digital upstream traffic carried in a ramp band which is part of the 

upstream traffic carried in at least one express band which is reverse frequency band to a plurality of virtual channels 

also part of the reverse frequency band but spaced from the carried in an express band which is also part of the reverse 

at least one ramp band, and an express band transmitter for frequency band but spaced from the ramp band, and an 

tra nsmit t i ng digital upstream traffic from the mapping cir- ^ express band transmitter for transmitting the virtual channels 

cuitry in the at least one express band. The communications from the mapping circuitry in the express band, 

network further comprises cable modems for receiving the In accordance with another aspect of the present invention 

downstream traffic for the cable subscribers and for sending there is provided a digital regenerator for use in a hybrid 

the digital upstream traffic from the cable subscribers in the amplifier and regenerator (HAR) device. The digital regen- 

ramp bands. 35 era tor comprises mapping circuitry for mapping digital 

In accordance with another aspect of the present invention upstream traffic carried in a plurality of virtual channels in 
there is provided a method for carrying in a communications an express band which is part of the reverse frequency band 
network downstream traffic in a forward frequency band and to a single virtual channel in the express band, and an 
digital upstream traffic in a reverse frequency band which is express band transmitter for transmitting the single virtual 
spaced from the forward frequency band. The method com- 40 channel from the mapping circuitry in the express band, 
prises amplifying and transmitting said downstream traffic in i n accordance with another aspect of the present invention 
the forward frequency band, mapping digital upstream traf- there is provided a method for multiplexing a plurality of 
fic carried in at least one ramp band which is part of the express band transmissions, each express band transmission 
reverse frequency band to digital upstream traffic carried in having a duration, from a plurality of respective downstream 
at least one express bands which is also part of the reverse 45 hybrid amplifier and regenerator (HAR) devices at an 
frequency band but spaced from the at least one ramp band, upstream hybrid amplifier and regenerator (HAR) device in 
and transmitting digital upstream traffic in the at least one the communications network. The method comprises deter- 
express band. mining a start time for each express band transmission 

In accordance with another aspect of the present invention which ensures that the express band transmissions will 

there is provided a method for processing digital upstream 50 arrive at the upstream hybrid amplifier and regenerator 

traffic in a digital regenerator. The method comprises map- (HAR) device without interfering with each other; and, 

ping digital upstream traffic carried in at least one ramp band beginning each express band transmission from each respec- 

which is part of the reverse frequency band to digital live downstream hybrid amplifier and regenerator (HAR) 

upstream traffic carried in at least one express band which is device at each respective start time, 

also part of the reverse frequency band but spaced from the 55 rriff nFSrniPTTON OF THF r>R AWlMr R 

at least one ramp band, and transmitting digital upstream BRIEF DESCRIPTI0N 0F ™E DRAWINGS 

traffic in the at least one express band. A detailed description of the preferred embodiments is 

In accordance with another aspect of the present invention provided below with reference to the following drawings, in 

there is provided a hybrid amplifier and regenerator (HAR) which: 

device for use in a communications network for carrying 60 FKJ. 1 is an network architecture diagram showing a 

downstream traffic in a forward frequency band and for conventional cable (CATV) network using coaxial cable; 

carrying digital upstream traffic in a reverse frequency band FIG. 2 is a network architecture diagram showing a 

spaced from the forward frequency band. The hybrid ampli- conventional cable (CATV) network using a hybrid fibre- 

fier and regenerator (HAR) device comprises an analog coax (HFC) architecture; 

amplifier for amplifying said downstream traffic, and a 65 FIG. 3A is a network architecture diagram of cable 

digital regenerator. The digital regenerator comprises map- (CATV) network in accordance with a preferred embodi- 

ping circuitry for mapping digital upstream traffic carried in ment of the present invention; 
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FIG. 3B is simplified block diagram of a hybrid amplifier The secondary trunks 25 are connected to the trunk 20. 

and regenerator device; The feeder lines 30 are typically connected to the secondary 

FIG. 4 is a frequency spectrum plan showing, inter alia, tnmks 25 bul m W connected directly to the trunk 20. The 

the ramp band and express band used in a preferred embodi- ^odary feeder lines 35 are connected to the feeder lines 

ment of the present invention; 5 30. Tbe subscrito lines 62 canne* the cable subscribers 60 

n „ ....... . . . typically to the feeder lines 30 and the secondary feeder lines 

FIG. 5 is a block diagram of a hybrid amplifier and 35 subscribers 60 are not typically connected to the 

regenerator (HAR) device used in a preferred embodiment trunk 20 or to the secondary trunks 25 (via the subscriber 

of the present invention; lines 62) except in some rural applications. Tbc subscriber 

FIG. 6 is a diagram showing the mapping from the ramp 1Q lines 62 are connected to the subscriber equipment 64. 

band to the express band used in a preferred embodiment of The conventional cable (CATV) network 5 is primarily 

the present invention; used to carry audio and video traffic (e.g. radio and 

FIG. 7 A is a diagram showing a portion of a cable (CATV) television) using typically analog signals (but digital signals 

network in which upstream traffic from two hybrid amplifier may be used) from the system head end 50 to the cable 

and regenerator (HAR) devices converge on one hybrid \$ subscribers 60. The audio and video traffic is carried from 

amplifier and regenerator (HAR) device; the system head end 50, along the trunk 20, along the 

FIG. 7B is a diagram showing the distributed multiplex- secondary trunks 25, along the feeder lines 30, along the 

ing used in a preferred embodiment of the present invention; secondary feeder lines 35, along the subscriber lines 62 to 

KG. 7C is a constellation diagram of a 4 Quadrature ^^T°! ^ ( !t ° f ^f** ^ 

Amplitude Modulation (4 QAM)scheme; 20 scribers 60. The system head end 50 also^ds oata traffic, 

r v ' using either analog or digital signals, through the cable 

FIG. 8 is a block diagram illustrating another preferred (CATV) network 5 to the upstream subscriber equipment 

embodiment in which an express band block filter is placed (e g dala Uamc instructing a pay-per-view descrambler to 

on a feeder line near the trunk; descramble a pay-per-view channel). In addition, data traffic 

FIG. 9 is a block diagram illustrating another preferred ^ may be sent from the system head end 50 using either analog 

embodiment in which an express band block filter is placed or digital signals to virtually any part of the conventional 

on a line to a cable subscriber, cable (CATV) network 5 to control and fine tune the 

FIG. 10 is a diagram showing the mapping from the ramp conventional cable (CATV) network 5. For example, the 

band into multiple virtual channels in the express band used data traffic may be sent from the system head end 50 to 

in another preferred embodiment of the present invention; 30 adjust the amplifier gain level of any analog distribution 

FIG. 11 is a diagram showing the mapping from the amplifier 40 or any trunk analog distribution amplifier 45. 

multiple virtual channels in the express band into one virtual (However, it is more common that the analog distribution 

channel in the express band used in another preferred amplifiers 40 and the trunk analog distribution amplifiers 45 

embodiment of the present invention; "JM based on P 1 ^ 1 reference levels). Any traffic sent 

rt^ 1*. t. , . 4 . « from the system head end 50 is typically called downstream 

FIG. 12 is a frequency spectrum plan showing three ramp ^^g^ ' / r j 

bands and one express band used in another embodiment of _ 

the present invention* conventional cable network 5 also carries traffic to the 

___ . * ' _ . , , _,. . . . system head end 50. For example, data traffic is carried from 

FIG. 13 is a simplified block diagram of a digital regen- ^ ^ mibBcdbtr to the syslcm aead end 

erator used m the a modified type of hybrid amplifier and ^ ^ through tbe caWe (CArV ) network 5 using either analog 

regenerator (HAR) device. or digital signals (e.g. commands may be sent from the 

DETAILED DESCRIPTION OF THE pay-per-view equipment in a subscriber's home or data 

PREFERRED EMBODIMENTS traffic may be sent from the cable subscribers' 60 cable 

modems for Internet or other services). Tbe data traffic is 

FIG. 1 shows a conventional cable (CATV) network 5 45 carried along tbe subscriber lines 62, along the secondary 

which consists of a trunk 20, a plurality of secondary trunks feeder lines 35, along the feeder lines 30, along the second- 

25, a plurality of feeder lines 30, a plurality of secondary ^ tnmks 25 and along the trunk 20 to the system bead end 

feeder lines 35, a plurality of analog distribution amplifiers 50. Any traffic sent to the system bead end 50 is called 

40, a plurality of trunk analog distribution amplifiers 45, a upstream traffic 

system bead end 50 located at a cable system provider a 5(J ^ ^ action amplifiers 45 are used to 

plurality of cable subscribers 60 a plurality of subscriber boost tbe downstream traffic and the upstream traffic carried 

lines 62 and a plurality of subscriber equipment 64. OQ lQe ^ 20 ^ lbe ^ nks 25 . The analog 

The trunk 20, tbe secondary trunks 25, the feeder lines 30, distribution amplifiers 40 are used to boost the downstream 

the secondary feeder lines 35 and the subscriber lines 62 use traffic a nd the upstream traffic carried on the feeder lines 30 

coaxial cable. 55 and the secondary feeder lines 35. The trunk analog distri- 

The analog distribution amplifiers (also called line bution amplifiers typically comprise a forward trunk analog 

extenders) 40 and tbe trunk analog distribution amplifiers 45 amplifier (not shown) and a reverse trunk secondary analog 

have a plurality of amplifier gain levels used to adjust the amplifier (not shown). Similarly, the analog distribution 

amount of amplification of each analog distribution ampli- amplifiers typically comprise a forward analog amplifier 

fier 40 and each trunk analog distribution amplifier 45. go (not shown) and a reverse secondary analog amplifier (not 

The subscriber equipment 64 is typically televisions shown). The forward trunk analog amplifier and the forward 

(TV 's), stereos and subscriber equipment capable of sending analog amplifier boost the downstream traffic. The reverse 

upstream traffic to the system head end 50 ("upstream trunk secondary analog amplifier and the reverse secondary 

subscriber equipment") such as pay-per-view descramblers analog amplifier boost the upstream traffic, 

and cable modems. The cable modems comprise first gen- 65 Many conventional cable networks 5 comply with tbe 

eration cable modems, second generation cable modems or Data-Over-Cable Interface Specification (DOCSIS) 

both. documents, (and specifically the Radio Frequency Interface 
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Specification SP-RF1- 104-980724) published on Jul. 24, 
1998 by Cable Television Laboratories Inc. ("Cable Labs'*). 
All the data-over-cable Interface Specification Documents 
are incorporated by reference herein. 

Unfortunately, the analog distribution amplifies 40 and 5 
the trunk analog distribution amplifiers 45 introduce ampli- 
fier generated noise and signal distortion on the upstream 
traffic and the downstream traffic. The amplifier generated 
noise and signal distortion and any ingress noise from 
spurious sources all converge and accumulate at the system 10 
head end 50 along with any upstream traffic. The cumulative 
effect of the amplifier generated noise and signal distortion 
and the ingress noise limit the reliability and capacity of the 
cable (CATV) network 5 to carry upstream traffic. The 
amplifier generated noise and signal distortion introduced by 15 
the analog distribution amplifiers 40 and the trunk analog 
distribution amplifiers 45 and the ingress noise typically do 
not limit nearly as much the reliability and capacity of the 
conventional (CATV) network 5 to carry the downstream 
traffic since much of the amplifier generated noise and signal 20 
distortion and the ingress noise is distributed throughout the 
cable (CATV) network 5. 

FIG. 2 shows another conventional cable (CATV) net- 
work 65 which consists of a plurality of feeder lines 70, a 
plurality of secondary feeder lines 75, a plurality of fibre 25 
trunks 90, a plurality of fibre nodes 110, a plurality of analog 
distribution amplifiers 115, a system head end 120, a plu- 
rality of cable subscribers 130, a plurality of subscriber lines 
132 and a plurality of upstream subscriber equipment 134 
(such as pay-per view descramblers and cable modems). 

The feeder lines 70 are typically connected to the fibre 
trunks 90 via the fibre nodes 110. The secondary feeder lines 
75 are connected to the feeder lines 70. The subscriber lines 
132 connect the cable subscribers 130 to the feeder lines 70 
and the secondary feeder lines 75 either directly or via the 
upstream subscriber equipment 134. 

The fibre trunks 90 use fibre optic cable with many fibre 
strands within each fibre optic cable. Typically, a pair of 
strands are connected to each fibre node U0. The feeder ^ 
lines 70, the secondary feeder lines 75 and the subscriber 
lines 132 use coaxial cable. The fibre nodes 110 are used to 
bridge the fibre optic cable used on the fibre trunks 90 with 
the coaxial cable used on the feeder lines 70. The fibre nodes 
HO convert fibre optic signals carried on the fibre optic cable 45 
into radio frequency (RF) electromagnetic signals carried on 
the coaxial cable and vice versa. The analog distribution 
amplifiers 115 have a plurality of amplifier gain levels used 
to adjust the amount of amplification of each analog distri- 
bution amplifier 115. 50 

The analog distribution amplifiers 115 typically are the 
same as the analog distribution amplifiers 40 shown in FIG. 
L That is, the analog distribution amplifiers typically com- 
prise a forward analog amplifier (not shown) and a reverse 
secondary analog amplifier (not shown). The forward analog 55 
amplifiers are used to boost the downstream traffic and the 
reverse secondary analog amplifiers are used to boost the 
upstream traffic carried on the feeder lines 70 and the 
secondary feeder lines 75. The downstream traffic and the 
upstream traffic may use either analog or digital signals. 50 

However, the analog distribution amplifiers 115 may 
introduce amplifier generated noise and signal distortion on 
the downstream traffic and the upstream traffic. In particular, 
the amplifier generated noise and signal distortion and any 
ingress noise from spurious sources all converge and a ecu- 65 
mulate at each respective fibre node 110 along with the 
upstream traffic. Finally, all the amplifier generated noise 
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and signal distortion introduced by the analog distribution 
amplifiers 115 and all the ingress noise converge and accu- 
mulate at the system bead end 120 (along with all the 
upstream traffic). However, very little ingress noise is picked 
up by the fibre trunks 90. In addition, since the fibre trunks 
90 do not have amplifiers, the amount of amplifier generated 
noise and signal distortion is reduced in the conventional 
network 65 as compared with the conventional network 5 
shown in FIG. 1. Since much of the ingress noise originates 
at or near the cable subscribers 130, much of the ingress 
noise is not fundamentally reduced in the conventional 
(CATV) network 65 as compared with the conventional 
(CATV) network 5 shown in FIG. 1, although improvements 
are realized since all the amplifier generated noise and signal 
distortion and all the ingress noise are divided over multiple 
fibre nodes U0. The cumulative effect of the amplifier 
generated noise and signal distortion and the ingress noise 
on the system bead end limits the reliability and capacity of 
the conventional (CATV) network 65 to carry upstream 
traffic. 

In accordance with a preferred embodiment of the present 
invention, FIG. 3A shows a cable (CATV) network 135 
which is similar in configuration to cable (CATV) network 
5 shown in FIG. 1. However, the plurality of the analog 
distribution amplifiers 40 and the trunk analog distribution 
amplifiers 45 in the cable (CATV) network 5 are replaced or 
upgraded with a plurality of hybrid amplifier and regenerator 
(HAR) devices 140. The system head end 50 is replaced or 
upgraded with a more sophisticated system head end — a 
system bead end 144 (discussed in more detail later). In 
addition, some of the subscriber equipment 64 must be 
second generation cable modems (i.e. DOCSIS compliant). 

Coaxial cable is used on the subscriber lines 62, the feeder 
lines 30, the secondary feeder lines 35, the trunk 20, the 
secondary trunks 25. (Alternatively, fibre optic cable can be 
used on the trunk 20 and on the secondary trunks 25 in which 
case a plurality of fibre nodes (not shown) are also used to 
connect the fibre optic cable on the trunk 20 and the 
secondary trunks 25 with the coaxial cable used on the 
feeder lines 30 and the secondary feeder lines 35. The fibre 
nodes convert fibre optic signals carried on the fibre optic 
cable into radio frequency (RF) electromagnetic signals 
carried on the coaxial cable and vice versa. Furthermore, 
when fibre optic cable is used on the trunk 20 and on the 
secondary trunks 25, the hybrid amplifier and regenerator 
(HAR) devices 140 are no longer needed on the trunk 20 and 
on the secondary trunks 25). 

Referring in particular to FIG. 3B and to FIG. 5, each 
hybrid amplifier and regenerator (HAR) device 140 com- 
prises an analog amplifier 150 (sometimes called a down- 
stream analog amplifier), a digital regenerator 160 
(sometimes called an upstream digital regenerator) and an 
reverse secondary analog amplifier 415. Each analog ampli- 
fier 150 and each reverse secondary analog amplifiers 415 
have a plurality of amplifier gain levels used to adjust the 
amount of amplification of the respective amplifier. 
Similarly, each digital regenerator 160 has a timing param- 
eter and a plurality of signal levels. The timing parameters 
are used to ensure that the upstream traffic is sent at the 
correct time and phase and to ensure proper multiplexing 
(discussed in more detail later). The signal levels are nec- 
essary so that the level of the signal (for the upstream traffic) 
sent by the respective digital regenerator 160 may be 
adjusted. 

Referring particularly to FIG. 4, downstream traffic from 
the system head end 144 is carried in a forward frequency 
band 220 to the cable subscribers 60. All upstream traffic to 
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the system bead end 144 is sent in a reverse frequency band stream traffic destined to the cable subscribers 60 for the new 

240 which is separate and apart from the forward frequency cable modem based services can also be carried in the 

band 220. The forward frequency band 220 is above the broadcast channels 230 or in the other frequency bands in 

reverse frequency band 240. the forward frequency band 220. The second type of traffic 

The reverse frequency band 240 and the forward fire- 5 of downstream traffic is also be used to synchronize/align the 

quency band 220 use conventional frequency bands. In second generation cable modems in the cable (CATV) 

North America and other locations of the world where network 135. The second general type of downstream traffic 

NTSC standards are used, the reverse frequency band 240 is ^ ^ using digital signals modulated on an analog carrier 

typically between 5 and 42 MHZ. The forward frequency or a plurality 0 f analog carriers using 64 Quadrature Ampli- 

band 220 is typically between 55 and up to 750 MHZ. 10 mdc Modulation (64 QAM). Alternatively, other digital 

Alternatively, different frequency ranges can be used for the modulation techniques, such as 256 Quadrature Amplitude 

forward frequency band 220 and the reverse frequency band Modulation (256 QAM) can be used. The type of modula- 

tion technique chosen depends on the type of the second 

The cable (CATV) network 135 carries three types of generation cable modem being used. The speed of the digital 

downstream traffic. The first type of downstream traffic 15 second type of downstream traffic downstream traffic is 

primarily consists of audio, video, voice, data, control and between 30 and 40 Megabits per second. (Alternatively, 

other traffic for an older service or a plurality of older other speetfc can be used). 

services such a television, pay-r*r-vfcw tetevision radio or ^ ^ ofdownstream aiBic ^ ^ ^ 
services using the first generation cable moderns ( old cable ^ m head end 144 ODC „ ^ b ^ xid 
modem based semc<). An example of an old cable based w Wel ^ ralor (haR) devices 140, on a down- 
service is Internet. The second type ofdownstream traffic CODtro , ^ limia ^ tonc band 235. The downstream 
prunardy consists of audio Video, voice, data and other ^ ^ tone band 235 is also part of the forward 
traffic for at service or a plurality of services using the band 220 but is separate from the broadcast 
second generation cable modems ( new cable modem based chinncls2 30, the other frequency bands in the forward band 
services'^ Examples of new cable modem based services 25 andtbecabk modem transmission band 232. The third type 
are telephony, taternct, multimedia and other data based ofdownstream ttaSc mo dukted on a downstream control 
services. The thud type of downstream traffic primarily ^ tone (or of a ^ btqteasy ^ 
oonsBte of data traffic used to maintain and fine tone the Modulation (AM) with less than 100% mo*Z 
hyond arrrplifier and regenerator (HAR) devices 140. For ^ to ensure reliabIe cmiflt recovery. Alternatively, any 
example the third type of downstream traffic may be used to 30 otber analo ^ mo dulauon technique that does not alter the 
adjust the power levels of the analog amphfiers 150 and the ^ f^^y can be used on the downstream control and 
reverse secondary analog amplifiers 415 but more suitably ^ Alternatively, a plurality ofdownstream control 
may be used to adjust the tuning parameters and the signal ^ ^ tones ^ ^ ^ t0 ^ the ^ ^ of 
levels of the digital regenerators 160. (It is more common downstream traffic 
that the analog amplifiers 150 and the reverse secondary 35 ^ . , * n , 

analog amplifiers 415 self adjust based on preset reference ™ e rable network 135 carries three types of 

levels) upstream traffic. The first type of upstream traffic is upstream 

Referring to FIG. 4, the first type of downstream traffic *t "Z * TT 

(for the older services such as television, radio and the old end 144 * .^.TT^S^TT^ ^ °, 

v , . , . , v . . „ ... 4 services including the old cable modem based services (e.g. 

cable modem based services), is typically earned in separate 40 _ „- * . , . . } ^ 

broadcast channels 230 or other frequency bands which are f*"* *f c & ° m ^ W^ew descramblers and the 

part of the forward frequency band 220. The broadcast ^ 

, . i « . r„ . , A , traffic is primarily data traffic, 
channels 230 and the other frequency bands are separate and 

apart from each other. Other than downstream traffic for the The second type of upstream traffic is upstream traffic sent 
first generation cable modems, the first type of downstream 45 by me cable subscribers) 60 *** **° nA generation 
traffic is typically sent to the cable subscribers 60 using cable modems to the system head end 144 for the new cable 
analog signals (modulated on a plurality of analog carries modem based services such as telephony, Internet, multi- 
using analog modulation techniques such as Amplitude media **** other data based services. The second type of 
Modulation (AM) and Frequency Modulation (FM)). upstream traffic primarily consists of audio, video, data and 
Alternatively, some or all of the first type of downstream 50 olDer tra ffi c - 

traffic for the older services can be sent using digital signals The third type of upstream traffic is traffic not sent by 

(modulated on a plurality of analog carriers using digital cable subscribers) 60 to the system head end 144. The third 

modulation techniques such as Quadrature Phase Shift Key- type of upstream traffic primarily consists of data traffic from 

ing (QPSK) and Quadrature Amplitude Modulation virtually any part of the cable (CATV) network 135 to the 

(QAM)). The first type of downstream traffic for the first 55 system head end 144 for purposes such as monitoring the 

generation cable modems are typically sent using digital performance and status of the cable (CATV) network 135 

signals (modulated on a plurality of analog carriers using and for maintaining the cable (CATV) network 135. For 

digital modulation techniques such as Quadrature Phase example, the third type of upstream traffic can be used to 

Shift Keying (QPSK) and 64 Quadrature Amplitude Modu- provide information to the system head end 144 for use in 

lation (QAM)). 60 controlling aligning, synchronizing and fine tuning the 

The second type of downstream traffic destined to cable hybrid amplifier and regenerator (HAR) devices 140. 

subscribers 60 for the new cable modem based services such The first type of upstream traffic is typically carried in the 

as telephony, Internet, multimedia and other data services is cable (CATV) network 135 using digital signals modulated 

carried in a cable modem transmission band 232 which is on an analog carrier or a plurality of analog carriers within 

part of the forward band but separate and apart from the 65 a first general upstream band 242 and a second general 

broadcast channels and the other frequency bands in the upstream band 244 using FSK, PSK, QPSK or QAM. The 

forward band 220. Alternatively, the second type of down- first general upstream band 242 and the second general 
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upstream band 244 are separate and apart from each other. be used. The speed of toe express band traffic is higher than 
Both the first general upstream band 242 and the second the speed of the ramp band traffic. An express band trans- 
general upstream band 244 are within the reverse frequency mission is express band traffic modulated on the express 
band 240. The first general upstream band 242 is located band. The express band traffic is carried in a plurality of 
above 30 MHZ (and is below the forward frequency band 5 virtual channels. One of the virtual channels is a mainte- 
220). The second general upstream band 244 is located nance channel (discussed in more detail later), 
below 10 MHZ. Alternatively, one general upstream band or The general upstream bands (242 and 244) are also 
more than two general upstream bands can be used to carry capable of carrying the second type of upstream traffic. For 
the first type of upstream traffic. Collectively, the first example, if the digital regenerators 160 have failed, the 
general upstream band 242 and the second general upstream 10 system head end 144 would likely bypass (or rum off) the 
band 244 are called general upstream bands. Alternatively, digital regenerators 160 and instruct the second generation 
the first general upstream band 242 and the second general cable modems to transmit in the general upstream bands 
upstream band 244 may be located in different parts of the (242 and 244). 

reverse band 240. The third type of upstream traffic, typically used by the 

Alternatively, the first type of upstream traffic may be 15 system bead end 144 to control and fine tune hybrid ampli- 

carried in the cable (CATV) network 135 using analog fier and regenerator (HAR) devices 140 and the second 

signals or may include analog signals modulated on a analog generation cable modems is carried within the maintenance 

carrier or a plurality of analog carriers within the first channel using the same modulation technique used for the 

general upstream band 242 and/or the second general other virtual channels (e.g. 64 QAM). Alternatively, the third 

upstream band 244 using analog modulation techniques 20 type of upstream traffic is carried in a plurality of mainte- 

sucfa as AM or frequency, modulation (FM). nance channels (each maintenance channel is a virtual 

There are typically two sub-types of the second type of channel in the express band). Alternatively, the third type of 

upstream traffic — ramp band traffic and express band traffic. upstream traffic can be carried in one or more of the general 

The ramp band traffic is the second type of upstream traffic upstream bands (such as the first general upstream band 242 

carried in a ramp band 250. The ramp band 250 is part of the 25 or the second general upstream band 244). When the third 

reverse frequency band 240. The express band traffic is the type of upstream traffic is carried in one or more of the 

second type of upstream traffic carried in an express band general upstream bands, the third type of upstream traffic is 

260. The express band 260 is also part of the reverse typically carried using digital signals modulated on analog 

frequency band 240 and is in a separate frequency band carriers using digital modulation techniques such as Quadra- 

either above or below the ramp band 240. Both the ramp 30 ture Phase Shift Keying (QPSK) or 64 Quadrature Ampli- 

band 250 and the express band 260 are typically located hide Modulation (64 QAM). (Alternatively, other digital 

below the first general upstream band 242 and above the modulation techniques can be used), 

second general upstream band 244. As discussed in more The upstream traffic carried to the system head end 144 

detail below, the ramp band traffic from each second gen- using analog signals is typically called analog upstream 

e ration cable modem is merged or multiplexed into the traffic. The upstream traffic carried to the system head end 

express band traffic. 144 using digital signals is typically called digital upstream 

In North America, the ramp band 250 is between 25 MHZ traffic. Similarly, the downstream traffic carried from the 

and 42 MHZ and (he express band 260 is between 5 MHZ system head end 144 using analog signals is typically called 

and 25 MHZ. The bandwidth of the ramp band 250 and the ^ analog downstream traffic. The downstream traffic carried 

positioning of the ramp band 250 in the frequency spectrum from the system head end 144 using digital signals is 

is determined according to the DOCSIS specifications of the typically called digital downstream traffic, 

second generation cable modem being used by the cable The analog amplifiers 150 in the hybrid amplifier and 

subscribers 60 to generate the ramp band traffic. regenerator (HAR) devices 140 are used to boost the first, 

Alternatively, the express band may be located in a different 45 the second and the third type of downstream traffic carried 

part of the reverse band 240. on the trunk 20, the secondary trunks 25, the feeder lines 30 

The ramp band traffic is carried in the cable (CATV) and the secondary feeder lines 35. As mentioned earlier, the 

network 135 using digital signals modulated on a ramp band downstream traffic is sent using either analog signals or 

carrier using Quadrature Phase Shift Keying (QPSK). Other digital signals or both (i.e. analog downstream traffic and 

digital modulation techniques can be used such as Quadra- 50 digital downstream traffic) modulated on a plurality of 

ture Amplitude Modulation (QAM). The ramp band carrier analog carriers. 

is an analog carrier located within the ramp band 250. The The reverse secondary analog amplifiers 415 in the hybrid 

speed of the ramp band traffic is 640 Kbits/sec. Other speeds amplifier and regenerator (HAR) devices 140 are used to 

between 320 Kbits/sec to 10 Mbits/sec can be used. A ramp boost the first type of upstream traffic carried on the first 

band transmission is ramp band traffic modulated on the 55 general upstream band 242 and the second general upstream 

ramp band carrier. band 244. As mentioned earlier the first type of upstream 

The express band traffic is carried in the cable (CATV) traffic carried on the first general upstream band 242 and the 

network 135 in a plurality of data frames using digital second general upstream band 244 is sent typically using 

signals modulated on an express band carrier using 64 digital signals (but analog signals can be used). Furthermore, 

quadrature amplitude modulation (64 QAM). Other digital 60 the third t YP e of upstream traffic carried on the general 

modulation techniques can be used such as Quadrature upstream bands, if any, is amplified typically by the reverse 

Phase Shift Keying (QPSK) or 16 or 256 Quadrature Ampli- secondary analog amplifiers 415 in the hybrid amplifier and 

tude Modulation (16 or 256 QAM). The express band carrier regenerator devices 140. 

is an analog carrier located within the express band 260 and The digital regenerators 160 in each hybrid amplifier and 

is an integral sub-multiple of the downstream control and 65 regenerator (HAR) device 140 are used to regenerate and 

timing tone (or carrier). The speed of the express band traffic transmit the third type of upstream traffic (carried in the 

is between 10 Mbits/sec to 40 Mbits/sec. Other speeds can maintenance channel of the express band 260) and the 
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second type of upstream traffic to the system bead end 144. The second generation cable modems receives the second 

The digital regenerators 160 help reduce noise and signal type of downstream traffic on the downstream cable modem 

distortion on the upstream traffic. transmission band 232. In particular, the second generation 
The enhanced head end 144 has reception (i.e. receivers) modems demodulate transmissions from the system 

and transmission equipment (i.e. transmitters). The 5 head end 144 on the cable modem transmission band 232. In 

enhanced head end 144 supplements traditional head<nd addition, mc generation cable modems modulate the 

processing for traditional applications (such as audio and ram P band traffic on me ram P band 250 bom mc c*Me 

video) and that of the older services (including old cable subscribers 60. In particular, the second generation cable 

modem based services) with processing for new cable modems modulate the ramp band carrier with the second 

modem based services. In particular, the enhanced head-end to type of digital upstream traffic from the cable subscribers 60 

144 has additional control, managing and receiving equip- ushs ^ QPSK m order to ^ neralc ^ d ^d the ramp band 
ment for interaction with the Hybrid amplifier and regen- ( via ^P band transmissions). Any analog upstream 

erator (HAR) devices 140, especially for interaction with the fraffic ( e &- telephony) from the cable subscribers 60 is first 

digital regenerators 160 within the Hybrid amplifier and digitized by a plurality of conversion devices (such as an 

regenerator (HAR) devices 140. The control, managing and 15 analog to digital converters (A/D converters)) external from 

receiving equipment is able to address each Hybrid amplifier me second generation cable modems. (Alternatively, con- 

and regenerator (HAR) device 140, control the relative version devices internal to the second generation cable 

phase and amplitude of the express band transmissions sent modems can be used). Then, the second generation cable 

from each Hybrid amplifier and regenerator (HAR) device modems modulate the ramp band carrier with the digital 

140 and assign the individual ramp band traffic to a unique 20 upstream traffic from the conversion devices m order to 

virtual channel in the express band. The enhanced head end generate and send the ramp band traffic. Each second 

144 also demultiplexes the express band traffic into multiple generation cable modem has a timing parameter and a 

ramp band traffic and demultiplexes the ramp band traffic Plurality of signal levels. In addition, each second generation 
into data traffic from each second generation cable modem. modems °P erate 00 a plurality of frequencies (i.e. 

("cable modem traffic"). 25 the frequency of the ramp band earner can be adjusted). 

The enhanced head end 144 also maintains a time slot M ™ ear ^' each **** am P Ufier *& Q ~ 

allocation map which keeps track of time slots assigned to erator ^ HAR > 140 comprises an analog amplifier 150, 

imlmdual second generation cable modems. A copyoftbe a revers f "^J** Malo S ™P hfi c er u 415 ' ^ a 

time slot allocation map is sent by the head end 144 to all the generator 160. Referring to FIG. 5, the analog amplifier 

second generation cable modems. Each second generation 30 150 a 3 ^ fenuabon pad 320 an 

cable modem has a unique identifier number. Each second equali^r330> * 

generation cable modem reads the time slot allocation map jnoutmU amplifier 360, an attenuation pad 370 and a diplex 
and in particular reads the data in the time slot allocation 380 706 rcversc ^plifier 415 

map corresponding to the identifier number of the respective <* m pnses an attenuahon pad 400, a tnplex filter 410, an 
second generation cable modem. After reading the time slop 35 " amplifier «0 and an attenuation 

allocation map, each cable modem transmits data within its ^ ™ e re g ener ator 160 ««P™» T ma PP"« 

designated time slot It should be noted that the same time f™^ 9 I*?™ 3 band transmitter 480. It should 

slot can be reused by another second generation cable * DOtC ? * at ^hybnd amplifier and regenerator (HAR) 

modem in a different feeder line 30 or secondary feeder line d ? VIC ? 140 can ** ™™<*™* ™ formed by adding a 

35 of the network 135 that maps into a different virtual 40 dlglti ? *« 'to a conventional amplifier compns- 

channel of the express band 260. In other words, two or mg I the }*° tbe reverse secondary 

more second generation cable modems could be assigned to L ^ re S enerat0 J r te P ut 

transmit at exactly tbe same time on the same ramp band 250 ° n a , daugh ^ r boanl ***** te TOnnected to * e oonven- 
if the second generation cable modems are located in OD er " 

different feeder lines 30 or secondary feeder lines 35 and 45 M downstream traffic from the system head end 144 

their respective ramp band traffic is mapped into different enters tbe h ybrid amplifier and regenerator (HAR) device 

virtual channels of the express band 260. 140 at W P° int 300 311(1 a™** at the di P»ex filter 310. The 

, . It . t . . diplex filter 310 only allows the passage of downstream 

Ine tune slot allocation map also contains the carrier * «= . , . r , c , . 

f« m f# . . „j-»cft »u7^ j,T / . " traffic earned in the forward frequency band 220 to the 

frequency of the ramp band 250 ,tbe modulation form at (e.g. cn ftHnf ,„ nf - , ^ n ^ „ y ' ,~ . . t 

QPSK) and the speed (e.g. 640 Kbits/sec). 50 attenuatl0D "P ad 320 ^ attenuation pad 320 is adjusted to 

v ) u a^v^i v ^. s . ivuiu>^ w . attenuate tbe downstream traffic so as to prevent the over- 

A second time slot allocation map maintains a plurality of loading of the pre-amplifier 340. The downstream traffic is 

second time slots in other bands which are part of the first carrie d from the attenuation pad 320 to the equalizer 330. 

general upstream band 242 or tbe second general upstream since downstream traffic carried in higher frequencies tend 

band 244. The second time slots are typically assigned to 55 to \ osc more signal strength than downstream traffic carried 

first generation cable modems. However, as previously m i ower frequencies, the equalizers 330 helps to equalize the 

mentioned, the second time slots may also be assigned to s j gna i strength of the lower frequencies and the higher 

second generation cable modems (e.g. If the digital regen- frequencies by attenuating the lower frequencies. The down- 

erators 160 have failed, the second generation cable modems stream traffic from the equalizer 330 is amplified by the 

may be assigned to transmit in the general upstream bands ^ pre -amplifier 340 and carried to the slope compensator 350. 

(242 and 244) during the respective second time slot as since the pre-amplifier 340 provides equal amplification to 

specified by the second time slot allocation map). the higher frequencies and the lower frequencies, the slope 

If multiple ramp bands 250 are used (discussed in more compensator 350 helps to emphasize the signal strength of 

detail later), the head end 144 keeps a frequency/time slot the higher frequencies by attenuating the lower frequencies, 

allocation map which keeps track of specific time slots and 65 Downstream traffic from tbe slope compensator 350 is 

frequencies assigned to individual second generation cable amplified by the amplifier 360 and carried to the attenuation 

modems. pad 370. Attenuation pad 370 is adjusted so as to attenuate 
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the downstream signals to help prevent overloading equip- carrier and the express band carrier respectively in order to 

ment used by a cable subscriber 60 or another hybrid detect and convert the digital signals carried on the ramp 

amplifier and regenerator (HAR) device 140 located down- band 250 and the express band 260 respectively). The 

stream. The downstream traffic passes through the diplex upstream traffic carried in the express band 260 from the 

filter 380 to an input/output point 390. At a point 385 just 5 express band detector 450 and the upstream traffic carried in 

before the diplex filter 380, the third type of downstream the ramp band 250 from the ramp band detector 460 is 

traffic carried on the downstream control and timing tone carried to the time slot manager 470. The time slot manager 

band 235 is carried to a control unit 500 (discussed in more 470 maps the ramp band traffic carried on the ramp band 250 

detail below). into the express band traffic carried on the express band 260 

All upstream traffic carried in the reverse frequency band 10 using digital time division multiplexing (discussed in more 
240 enters the hybrid amplifier and regenerator (HAR) detail later). In order to co-ordinate the digital time division 
device 140 at the input/output point 390 and is separated multiplexing, the control unit 500 sends a time slot control 
from any downstream traffic in the forward frequency band signal on a time slot control line 505. The upstream traffic 
by the diplex filter 380 and is carried to the attenuation pad carried on the express band 260 is then carried from the time 
400. The attenuation pad 400 is adjusted to attenuate the is slot manager 470 to the express band transmitter 480. The 
analog and digital upstream traffic so as to prevent the express band transmitter 480 modulates the express band 
overloading of the digital regenerator 160 and the analog carrier with the express band traffic from the time slot 
amplifier 420. The upstream traffic is then carried to the manager 470. The upstream traffic from the express band 
triplex filter 410. The triplex filter 410 separates the transmitter 480 is then carried to the attenuation pad 430. 
upstream traffic carried on the first general upstream band 20 upstream traffic and the digital upstream traffic 
242 and the second general upstream band; 244 from the & then carried from the attenuation pad 430 through the 
traffic carried on the ramp band 250 and the express band diplex filter 310 and through the input/output point 300. 
260. (If either the first general upstream band, 242 or the As discussed in more detail later, for the network 135 to 
second general upstream band 244 is not used, the triplex operate, correctly, it is necessary for each Hybrid amplifier 
filter 410 is replaced with a diplex filter. Hie diplex filter 25 ^ regenerator (HAR) device 140 to send its express band 
separates the upstream traffic carried on either the first traffic at a certain phase and amplitude. If a Hybrid amplifier 
general upstream band 242 or the second general upstream and regenerator (HAR) device 140 is misaligned (the mis- 
band 244 from the upstream traffic carried on the ramp band aligned HAR 140"), the Hybrid amplifier and regenerator 
250 and the express band 260). The upstream traffic carried (HAR) device 140 upstream from the misaligned HAR 140 
on the first general upstream band 242 and the second 30 will receive express band traffic with an incorrect phase 
general upstream band 244 is carried from the triplex filter and/or amplitude ("a level or a phase error"). The express 
410 to the equalizer 412. Since upstream traffic carried in band detector 450 of the upstream Hybrid amplifier and 
higher frequencies tend to lose more signal strength than regenerator (HAR) device 140 sends an error detect signal to 
downstream traffic carried in lower frequencies, the equal- the control unit 500 on error detect line 485. The control unit 
izer 412 helps to equalize the signal strength of the lower 35 500 informs the system head end 144 of the level or the 
frequencies and the higher frequencies by attenuating the phase error by sending the third type of upstream traffic in 
lower frequencies. The upstream traffic is then carried from the maintenance channel of the express band 260. This 
the equalizer 412 to the analog amplifier 420. The analog upstream traffic is carried on line 487 to the express band 
amplifier 420 amplifies the analog upstream traffic. The transmitter 480, through the attenuation pad 430, through the 
analog upstream traffic is then carried to the attenuation pad 40 diplex filter 310, through input/output point 300, through 
430. The attenuation pad 430 is adjusted to attenuate the other hybrid amplifier and regenerator (HAR) devices 140, 
analog upstream traffic and the digital upstream traffic so as if any, and finally to the system head end 144. The system 
to prevent the overloading of any hybrid amplifier and bead end 144 sends the third type of downstream traffic in 
regenerator (HAR) devices 140 upstream. the downstream control and timing tone band 235 through 

The upstream traffic carried on the ramp band 250 and the 45 ODe or more hybrid amplifier and regenerator (HAR) devices 

express band 260 is carried from the triplex filter 410 to the M0» if any* to the misaligned hybrid amplifier and regen- 

digital regenerator 160. In particular, the upstream traffic erator (HAR) device 140. The downstream traffic sent by the 

carried on the ramp band 250 and the express band 260 is system head end 144 will cause a revision of the amplitude 

carried from the triplex filter 410 to the mapping circuitry or phase of the express band traffic sent by the misaligned 

429. Mapping Circuitry 439 consists of the diplex filter 440, so hybrid amplifier and regenerator (HAR) device. This pro- 

an express band receiver 450, a ramp band receiver 460, a 0055 iterates until the level or phase error is eliminated or 

time slot manager 470 and the control unit 500. In particular, reduced to negligible levels. 

the upstream traffic carried on the ramp band 250 and the In particular, in response to the third type of downstream 

express band 260 is carried from the triplex filter 410 to the traffic sent by the head end 144, the misaligned Hybrid 

diplex filter 440. The diplex filter 440 separates the upstream 55 amplifier and regenerator (HAR) device 140 changes the 

traffic carried on the ramp band 250 from the traffic carried phase or amplitude of the express band traffic by sending a 

on the express band 260. The upstream traffic carried on the signal from the control unit 500 along an express band 

express band 260 and the upstream traffic carried on the control line 530 to the express band transmitter 480 to adjust 

ramp band 250 is carried separately to the express band the amplitude or phase of the express band transmission, 

receiver 450 and the ramp band receiver 460 respectively. 60 As discussed later, if a hybrid amplifier and regenerator 

The ramp band receiver 460 detects and converts the digital device (HAR) 140 ("the upstream HAR") detects that the 

signals carried on the ramp band 250 into a ramp band digital multiplexing performed by another Hybrid amplifier 

Bi 1st re am. Similarly, the express band receiver 450 detects and regenerator (HAR) device 140 downstream ("the down- 

and converts the digital signals carried on the express band stream HAR") is incorrect, the control unit 500 in the 

260 into an express band Bilstream. (In particular, the 65 upstream HAR 140 informs the system bead end 144 of the 

express band detector 450 and the ramp band detector 460 problem by sending a third type of upstream traffic in the 

typically detect the phase and amplitude of the ramp band maintenance channel of the express band 260. The upstream 
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traffic is carried on line 487 to the express band transmitter band data frame 267. If a different modulation scheme was 

480, through the attenuation pad 430, through the diplex used, the number of bits constituting an express band symbol 
filter 310, through the input/output point 300, through other and the number of symbols constituting the express band 

hybrid amplifier and regenerator (HAR) devices 140, if any, data frame may be different. Each express band symbol 266 

and finally to the system head end 144. The system head end 5 have express band symbol boundaries 268. Similarly, each 

144 sends the third type of downstream traffic in the down- express band data frame 267 have express band data frame 

strean ?« )n ? 01 and c unun | tone band ^ A *T^ one ° r boundaries 269. Each express band data frame boundary 269 

more bybnd amplifier and regenerator (^) de^c^l40, fe ^ m ^ baod ^ 2 68. Similarly, 

downstream mis^gned HAR 140. The down- cach b ^ d ^ 2© has ramp band symbol bound- 

stream traffic is received by the control unit 500 in the Q ar ^ cs 
downstream HAR 140. The control unit 500 sends a signal 

from the time slot control line 505 to the time slot manager The ^ band traffic is mapped (or multiplexed) into the 

470 to correct the problem (as discussed in more detail cx P. ress band by lbe Ume slot m *nager 470 m 

fatef^ digital regenerator 160. In particular, the ramp band traffic is 

Hie downstream control and timing tone (or carrier) 1S converted kto express band traffic by mapping each ramp 

provides the timing reference to all the hybrid amplifier and 15 2 & "1° f a JP^^aUon ^ each data frame 

regenerator (HAR) devices 140 in the cable (CATV) net- of express ^Bits^am 264 using dogital time o^on 

wo* 135 on the downstream control and timing tone band m ^«P*™* OVpically each ramp band symbol 263 is 

235. In particular, the control unit 500 in each hybrid ™^ * ^?° D ° f 5? ° f 

amplifier and regenerator (HAR) device 140 has an integer M 2 * » * WD m ™* prec^ location « one of the 

divider circuit, not shown. THe control unit 500 receives the 20 **** ?T*U° f JLT!f ^ ^ 

downstream control and timing tone and detects and sends express band trafc is modulated on the expr^s band earner 

the timing reference into the integer divider circuit and out b * mc CXpress transmitter 480 using 64 QAM. 

on clock out lines 499 to the express band detector 450, the 11 snould mat a11 ramp band transmissions from 

ramp band detector 460, the time slot manager 470 and the „ mc second generation cable modems are transmitted in 

express band transmitter 480. packets (in bursts) within time slots according to the time 

Similarly, if either the amplitude or frequency of the ramp slot allocatioa ma P- Each burst P«** ^gins ^ * speci- 

band traffic received by a Hybrid amplifier and regenerator fied P™*™™' sequence which allows the ramp band receiver 

(HAR) device 140 from a second generation cable modem to V^pc^Y acquire the carrier frequency and phase of the 

("the misaligned cable modem'*) is incorrect ("a level or a 30 ramp band ^ d to delermmc me symbol boundary of the first 

frequency error), the ramp band detector 460 of the HAR ram P band s > rmbo1 - m general, some of the preamble 

140 sends an error detect signal to the control unit 500 on sequence is multiplexed into the express band 260 where 

error detect line 485. The control unit 500 informs the they can be used to detect the boundary of the first ramp 

system head end 144 of the level or the frequency error by band s y mbo1 m a burst P 3 ^ 1 * 

sending the third type of upstream traffic in the maintenance 3S 1° reference to the above, persons skilled in the art would 

channel of the express band 260. This upstream traffic is appreciate that a QPSK symbol represents 2 bits, whereas a 

carried on line 487 to the express band transmitter 480, 64 QAM symbol represents 8 bits in 1/32 the duration. In 

through the attenuation pad 430, through the diplex filter otDer words, 32 64 QAM symbols each representing 8 bits, 

310, through input/output point 300, through other hybrid can be sent in the same amount of time as a single QPSK 

amplifier and regenerator (HAR) devices 140, if any, and 40 symbol representing only 2 bits. Thus, it should be clear that 

finally to the system head end 144. The system head end 144 me data rate or the 64 QAM sequence (i.e. in the express 

sends the second type of downstream traffic in the cable band) is 128 (-32 [64 QAM symboIs]x8 [bits/64 QAM 

modem transmission band 232 through one or more hybrid symbol]xV4 [QPSK symbol/bit]) times greater than the data 

amplifier and regenerator (HAR) devices 140, if any, to the ra te of the QPSK sequence (i.e. in the ramp band). Thus, 

misaligned second generation cable modem. The down- 45 simply put, an express band transports upstream traffic at a 

stream traffic sent by the system head end 144 will cause a substantially higher data rate as compared to any ramp band 

revision of the amplitude or frequency of the ramp band so that upstream traffic originating from a number of sources 

traffic. This process iterates until the level or phase error is can 06 aggregated from multiple ramp bands into an express 

eliminated or reduced to negligible levels. band. 

Referring in particular to FIG. 6, the ramp band receiver 50 Given, as an example for the sake of simplicity, in 

460 in each digital regenerator 160 detects the digital signals reference to FIG. 6 is the illustration representing the 

carried in the ramp baod 250 and converts them into a ramp mapping from a QPSK ramp band to a 16 QAM express 

band Bitstream 262. The ramp band Bitstream 262 consists band. Shown in FIG. 6, there arc eight 16 QAM symbols, 

of a series of digital bits (i.e. either a 0 or a 1). Similarly, the each representing 4 bits, sent in the same amount of time as 

express band receiver 450 in each digital regenerator 160 55 a single QPSK symbol in the ramp band. In fact, the data 

detects the digital signals carried in the express band 260 and from the QPSK symbols in the ramp band is mapped into the 

converts them into an express band Bitstream 264. The 16 QAM symbols (in reality it is preferably into 64 QAM 

express band Bitstream 264 also consists of a series of symbols) in the express band. Again, those skilled in the art 

digital bits. would appreciate that the mapping of data from the QPSK 

As mentioned earlier, the ramp band traffic is modulated 60 ram P band lDi0 me example 16 QAM express band results 
on a ramp band carrier using the QPSK modulation tech- in a 16 fold increase in the rate at which data is transmitted, 
□ique. Two bits can constitute one ramp band symbol 263 in With frequently placed regenerators in the cable (CATV) 
QPSK The express band traffic is modulated on an express network 135, reliable and high capacity upstream trans mis- 
band carrier using the 64 QAM modulation technique. For sions can be accomplished. Noise on the express band 260 
the sake of simplicity, FIG. 6 illustrates 16 QAM. In 16 65 is typically cleaned out by each regenerator provided that the 
QAM, 4 bits constitute one express band symbol 266. noise has not generated a bit error. The upstream traffic on 
Furthermore, in 16 QAM, 8 symbols constitute an express the express band 260 is transmitted anew on the express 
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band 260 by each regenerator. Furthermore, the digital time and regenerator (HAR) device 140. FIG. 7C shows a zero- 
division multiplexing prevents any noise in the ramp band zero data position (or an all zero position) shared with the 
from affecting the upstream traffic previously mapped into null position 685. Alternatively, a dedicated null position 
the express band using digital time division multiplexing. (i.e. no signal) could be placed within the QAM constella- 

The hybrid amplifier and regenerator (HAR) devices 140 s tion. It is important that the null position be input as part of 

with the digital regenerators 160 are located in the cable the modulating signal in the express band transmitter 480 

(CATV) network 135 at intervals sufficiently closely spaced and not be formed by grounding out the output of the express 

to overcome the attenuation of the upstream traffic and the band transmitter 480 during that time slot. This is to ensure 

downstream traffic. Typically, the hybrid amplifier and that inter-symbol interference effects are treated linearly in 

regenerator (HAR) devices 140 are spaced 500 to 1000 feet 10 the distributed express band transmitter 480 and add linearly 

or less apart respectively. (It should be noted that the into the express band receiver 450 — which is designed on 

intervals are engineering parameters and depend on the the assumption of linear inter symbol interference mitiga- 

bandwidth of the system, cable size and loss, amplifier gain, tion. If the null position is shared with the zero zero point, 

etc.). a long string of zeros in a virtual channel of the express band 

In addition to the multiplexing which happens from the 15 260 is interpreted as no transmission, and packet preambles 

ramp band 250 to the express hand 260, there is multiplexing indicate the start of data with packet formatting indicating 

of the digital upstream traffic on the express band 260 the end of data. 

whenever multiple hybrid amplifier and regenerator (HAR) Before reliable upstream transmissions can take place in 

devices 140 transmit upstream traffic to a single hybrid the cable (CATV) network 135, the Hybrid amplifier and 

amplifier and regenerator (HAR) device as shown in FIG. 20 regenerator (HAR) devices 140 and the second generation 

7 A. FIGS. 7A and 7B illustrate two upstream transmissions cable modems must be synchronized (or aligned). The 

from a hybrid amplifier and regenerator (HAR) device A synchronization is initially performed during power start-up 

(600) and a hybrid amplifier and regenerator (MAR) device of the cable (CATV) network 135. Since the second gen- 

B (610) converging on a hybrid amplifier and regenerator e ration cable modems can be added at any time, the align- 

(HAR) device C (620). Each upstream transmission has a 25 ment and synchronization of the newly connected second 

duration. Referring to FIGS. 7A and 7B, it is necessary that generation cable modems can occur at any time, 

digital upstream traffic 650 torn the hybrid amplifier and The Hybrid amplifier and regenerator (HAR) devices 140 

regenerator (HAR) device A (600) and digital upstream are synchronized first. Each digital regenerator 160 in the 

traffic 660 from the hybrid amplifier and regenerator (HAR) cable (CATV) network 135 has an unique hardware address 

deviceB (610) arrive at Me hybrid amplifier and regenerator 30 and the system bead end 144 knows the topology of the 

(HAR) device C (620) at a certain time for correct operation. digital regenerators 160 in the system. All the regenerators 

As mentioned earlier, the head end 144 sends me third type 160 in each Hybrid amplifier and regenerator (HAR) device 

of downstream traffic on the downstream control and timing 140 initially turn off their express band transmitters 480 and 

tone band 235 to correct the amplitude and/or phase (or \jsi CD f or commands from the system head end 144 on the 

timing) of the express band tr ansmissi ons from any mis- 35 downstream control and timing tone band 235. The head end 

aligned hybrid amplifier and regenerator (HAR) device 140. 144 sends a command addressed to the digital regenerator in 

In order to ensure the needed fine level of control, the first Hybrid amplifier and regenerator (HAR) device 140 

express band carrier is an integral sub-multiple of the downstream from the system bead end 144 by modulating 

downstream control and timing tone (or carrier). In conjunc- the downstream control and timing tone (typically using AM 

tion with the system head end 144 (as discussed earlier), the 40 modulation as mentioned earlier). The command instructs 

control units 500 from the hybrid amplifier and regenerator the digital regenerator 160 to nun on its express band 

(HAR) device A (600) and the hybrid amplifier and regen- transmitter 480 and send an express band carrier with a 

era tor (HAR) device B (610) send the digital upstream traffic specific phase and signal level. A receiver in the head end 

650 and the digital upstream traffic 660 at certain signal 144 detects the amplitude and phase of the express band 

crossings of the downstream control and timing tone. Refer- 45 carrier. If there is a significant difference between the desired 

ring to FIG. 7B, the hybrid amplifier and regenerator (HAR) amplitude and phase of the express band carrier and the 

device A (600) finishes transmitting a symbol at a signal actual amplitude and phase of the express band carrier 

crossing 662 and the hybrid amplifier and regenerator received, the head end 144 sends a command on the down- 

(HAR) device B (610) must start sending the next symbol a stream control and timing tone band 235 to the digital 

short time later at a signal crossing 664 in order for the 50 regenerator 160 to correct the amplitude and phase by the 

digital upstream traffic 650 and the digital upstream traffic difference. The digital regenerator 160 corrects the phase of 

660 respectively to arrive at the hybrid amplifier and regen- the express band carrier by adjusting the signal sent on the 

erator (HAR) device C (620) at the correct time (shown by express band control line 505 to the express band transmitter 

a signal crossing 668) without overlaps or gaps or unin- 480 (i.e. the integer divider circuit in the control unit 500 

tended carrier shifts. Digital upstream traffic 669 shows the 55 now triggers the signal on an appropriate other phase 

digital upstream traffic 650 and the digital upstream traffic crossing of the downstream control and timing tone). The 

660 combined or multiplexed correctly. digital regenerator 160 corrects the signal level by adjusting 

QAM modulation schemes are typically illustrated with a the signal sent on the express band control line 505 to the 

QAM constellation as shown in FIG. 7C. Since it is possible express band transmitter 480. (Alternatively, additional 

that multiple hybrid amplifier and regenerator (HAR) 60 phase control can be achieved through an analog phase 

devices 140 will send upstream traffic to a single hybrid shifter for very fine control of phase for resolutions smaller 

amplifier and regenerator (HAR) device 140, a null position than the inter-phase times of the downstream control and 

685 (i.e. no signal) is required in the QAM constellation to timing tone 235). If there is still a significant difference 

ensure that the upstream traffic from the multiple hybrid between the desired amplitude and phase of the 15 express 

amplifier and regenerator (HAR) devices 140 can add in an 65 band carrier and the actual amplitude and phase of the 

analog fashion without creating constellation offsets in the express band carrier received, the process iterates until the 

express band receiver 450 in the upstream hybrid amplifier difference between the desired amplitude and phase of the 
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express band carrier and the actual amplitude and phase of amplitude and phase of the express band carrier and the 

the express band carrier received is insignificant. actual amplitude and phase of the express band carrier 

Once the difference is insignificant, the system head end received by the upstream digital regenerator 160, the process 
144 rums to align the modulated data frame boundaries and iterates until the difference between the desired amplitude 
symbol boundaries within each data frame of the express 5 and phase of the express band carrier and the actual ampli- 
band Bitstream 264 from the digital regenerator 160. The tude and phase of the express band carrier received by the 
system head end 144 sends a command to the regenerator upstream digital regenerator 160 is insignificant. 
160 instructing it to send a specific, repeated data sequence. Once the amplitude and phase is aligned, the head end 
E.g. all zeros in all virtual channels except for the designated turns to align the modulated data frame and symbol bound- 
virtual channel which , carries all ones. The express band 10 aries. The head end 144 stnds a command to the downstream 
symbol rate is derived from the symbol rate of the traffic regencrator 160 instructing it to send a specific, 
earned on the downstream control and timing tone. The repeated data sequence. E.g. all zeros in all virtual channels 
symbol rates of the ramp band 250, express band 260 and the , for a designated virtual channel which carries all 
downstream control and toning tone band 235 are integrally ones . upstrcam digital regenerator 160 receives the 
related (related by multiples of whole numbers). In thB way, 15 specified sequence sent from the downstream digital regen- 
phase lock loops for to express band 1 transmitter 450, the erator ^ examines it for the relative crossings of the 
ramp band receiver 460 and the dock for the tune slot sequence. Any offset from the desired timing (e.g. the 
manager 470 can be synchronized I amongst all the digital from zeros to ones at the channel boundary of the 
regenerators 160 by backing the downstream control and designated virtual channel) is noted by the upstream digital 
taming band modulation rate. (Preferably, the modulation 20 regenerator 160 which sends the offset to the system bead 
rate is also mtegrally related to me downstream control and end 144 in the maintenance channel. In response, the bead 
tuning tone or earner). Tbe system bead end 144 receives the ead 144 ^ vi j ttstnKOt commands to the digital regen- 
specified sequence sent from tbe digital regenerator 160 and erator 160 adjustment commands instruct the down- 
examines it for the relative crossings of the sequence. Any 4^ regenerator 160 to shift the relative crossing 
offset from the desired taming (e.g, the crossing from zeros 25 of Uk symbols and repeated data frame by a specified 
to ones at the maintenance channel boundary) is noted by the number of ph^ crossings of tbe downstream control and 
head end 144 which in turn sends adjustment commands to timing ^ or carrier. Tbe downstream digital regenerator 
the digital regenerator 160. Tbe adjustment commands 160 ^ misalignment of the express band data 
instruct tbe digital regenerator to shift the relative crossing framc boundaries and the express band symbol boundaries 
of tbe symbols and repeated data frame by a specified 30 by adjusting the signal sent on the time slot control line 505 
number of phase crossings of the downstream control and to the time slot manager 470 (i.e. the integer divider circuit 
timing tone or earner. After tbe digital regenerator makes the m ^ ^ 500 now triggers the signal sent on the 
requested adjustment, the multiplexing should be aligned. If ^ do , li,* 503 on an appropriate other phase 
not, other iterations of this process occurs. Since the down- crossing of the downstream control and timing tone (or 
stream control and taming tone or carrier is normally many 35 carrier)). After the digital regenerator makes the requested 
multiples of the modulation rate, vary fine control of each adjustment, the multiplexing should be aHgned. If not, the 
modulated data frame and the symbol boundaries within process re-iterates, 
each data frame is possible. ,, . , 

, , , , r , ... ,. If more than one downstream hybrid amplifier and reeen- 

Once the modulated data frame and symbol boundaries /u»o\ a 1 An - . , , ., . 

1- . .. . . .... . ,. .. .. . , erator (HAR) device 140 is connected to the upstream 

are aligned, the head end 144 sends a command 1 to the digital « ^ Mcf ^ raU)r (HA R) device 140. the 

regenerator 160 on Uie dowustream coutaol and taming tone ^ y. VfiS J u> me omer downstrelm hybrid 

235 , instructing jtbe digital regenerator 160 to send zeros on la ^ rator (HAR) device(s) 140 to align the 

all the vutual channels within the express band excqit the litud n tbe modulated, data frame and symbol 

maintenance channel. The digital regenerator 160 (the boundaries, 

"upstream digital regenerator'*) is also instructed by tbe bead 45 ^ 

end 144 to take over part of tbe syoclironization/alignment A . V* t enUre P"** 85 ^^i re ? ure,v f.L y for f other 

function for the digital regenerator 160 in the Hybrid ampli- ^,^ ra, °*'? H *r d JfS£5 er Md re 8f nerator 

fier and regenerZ (HAR) device 140 immediately down- dev,ces 140 m the ^ < CATV > 135 

stream of the upstream digital regenerator (the "downstream 0006 ^\ the digital regenerators 160 are synchronized/ 

digital regenerator")- The head end 144 sends a command on 50 aligned, the Hybrid amplifier and regenerator (HAR) 

the downstream control and timing tone band 235 to the devices 140 in the cable (CATV) network 135 are ready to 

downstream digital regenerator instructing the downstream receive ramp band traffic. The system head end 144 instructs 

digital regenerator 160 to transmit an express band carrier ^ me Hybrid amplifier and regenerator (HAR) devices 140 

with a certain phase and amplitude. The upstream digital 10 turn °° tneir ram P band receivers 460 by sending a 

regenerator 160 reports the difference between the desired 55 command "> lhe downstream control and timing tone band 
amplitude and phase of the express band carrier and the 

actual amplitude and phase of the express band carrier The second generation cable modems register onto the 

received by the upstream digital regenerator 160 to the cable (CATV) network 135 using the same procedure used 

system head end 144 in a message sent over the maintenance by tbe second generation cable modems in a cable (CATV) 

channel. If there is a significant difference between the 60 networks that does not have any digital regenerators 160 (or 

desired amplitude and phase of the express band carrier and Hybrid amplifier and regenerator (HAR) devices 140). That 

the actual amplitude and phase of the express band carrier is. the second generation cable modems use lhe same 

received by the upstream digital regenerator 160, the bead procedure described in the DOCSIS specification, 

end 144 sends a command on the downstream control and When a second generation cable modem is first connected 

timing tone band 235 to the downstream digital regenerator 65 to the cable (CATV) network 135, the second generation 

160 to correct the amplitude and phase by the difference. If cable modem self tunes on the downstream cable modem 

there is still a significant difference between the desired band 232. As mentioned earlier, the head end 144 periodi- 
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caily sends the time slot allocation map to all the second Wben the system head end 144 allocates an open time slot 

generation cable modems on the downstream cable modem for any recently connected second generation cable modem 

band 232. The recently connected second generation cable to join the cable (CATV) network 135, the system head end 

modem acquires the upstream time slot allocation map the 144 does not know where the recently connected second 

next time the head end 144 sends it The second generation 5 generation cable modem 144, if any, will be attached Thus, 

cable modem examines the upstream time slot allocation during the free time slots (as specified in the time slot 

map for explicitly labelled open (or contention) time slots. allocation map), all the HAR's 140 turn on their ramp band 

The recently connected second generation cable modem will receivers 460 to detect initial transmission from any recently 

randomly select one of the open time slots and attempt to use connected second generation cable modems. Alternatively, 

it by transmitting a registration request on the open time slot if during the open time slots, the HAR's 140 are set to note 

using its lowest signal level. Then the recently connected which ramp band receiver 460 (in the respective HAR 140) 

second generation cable modem waits to see whether a time is receiving a valid transmission and this is communicated to 

slot is assigned to it by the head end 144 in the next time slot the system head end 144 over the maintenance channel 

allocation map sent by the head end 144. If a rime slot is not (along ^ mc identification of the respective HAR 140), 

assigned to the recently connected second generation cable meD ^ system head eod 144 liim t me for 

modem m the upstream time slot allocation map, the " fiiie tuning the cable modem transmissions to the ramp band 

recently connected second generation cable modem ran- ^ jn lhe dve HAR 140 However, this 

domly selects another open tune slot and transmits another 4 - . , , . . * 

registration request on the open time slot using the next al *™ uve adds <™&™* 

highest signal leveL This process will continue until the If me ram P band receiver 460 of the Hybrid amplifier and 

recently connected second generation cable modem sees the 20 regenerator (HAR) device 140 servicing the new second 

time slot it'setected assigned to it in the next upstream generation cable modem detects errors in the frequency, 

allocation map sent by the head end 144. timing (i.e. time slot boundaries of the time slot), or signal 

At the ramp band receivers in each Hybrid amplifier and level * tne dig* 1 ** regenerator 160 reports the errors to the 

regenerator (HAR) device 140, the following process system head end 144 over the virtual maintenance channel, 

occurs. The ramp band receiver 460 in the Hybrid amplifier 25 The system head end 144 sends adjustment commands to the 

and regenerator (HAR) device 140 immediately upstream recently connected second generation cable modem on the 

from the recently connected second generation cable modem downstream cable modem transmission band 232 instructing 

initially sees an idle line and examines it continuously for a tne recently connected second generation cable modem to 

valid packet preamble. All the second generation cable change its frequency, timing or signal level. Once the 

modems uses a specific packet preamble for upstream trans- 30 recently connected second generation cable modem is fine 

missions. If the recently connected second generation cable tuned, normal upstream transmission/trafiic from the 

modem sends a registration request without a sufficient recently connected second generation cable modem to the 

signal level, the ramp band receiver 460 will not receive a head cnd 144 0311 proceed. 

valid packet preamble. In addition, if the recently connected Other variations and modifications of the invention are 
second generation cable modem sends a registration request 35 possible. For example, different upstream traffic (e.g. tele- 
at the same time that another recently connected second phony and Internet) can be carried simultaneously in differ- 
generation cable modem is transmitting, it is unlikely the ent transmission formats within an analog band (e.g. QPSK, 
ramp band receiver 460 will receive a valid registration QAM, FSK, PSK, CDMA, etc). The ramp band 150 and the 
request. Once the recently connected second generation express band 260 will typically each handle a single trans- 
cable modem sends a registration request with a sufficient 40 mission format. If all the upstream traffic is carried in a 
signal level during an open time slot (i.e. no collisions with transmission format used by the ramp band 250, then the 
data from another second generation cable modem), the reverse secondary analog amplifier 415 within each hybrid 
ramp band receiver 460 will receive a valid packet preamble amplifier and regenerator (HAR) device is not required, 
and data containing the registration request. The Hybrid (However, if a transmission formats) for upstream traffic 
amplifier and regenerator (HAR) device 140 multiplexes the 45 otne r than the transmission format used by the ramp band 
data containing the registration request into the designated 250 is used, then the reverse secondary analog amplifier 415 
virtual channel of the express band 260. Once the system m e^ch hybrid amplifier and regenerator (HAR) device may 
head end 144 receives the registration request in the desig- be used to boost the upstream traffic (other than the ramp 
nated virtual channel, the system head end 144 assigns the band and express band traffic). 

time slot used by the recently connected second generation 50 Variations of the cable (CATV) network 135 are also 

cable modem to the recently connected second generation possible. For example, the conventional trunk analog distri- 

cable modem and sends another time slot allocation map to bution amplifiers and analog distribution amplifiers can 

all the second generation cable modems. Furthermore, the coexist in the same network with hybrid amplifier and 

system head end 144 will send a command to all the Hybrid regenerator (HAR) devices 140, It is an engineering system 

amplifier and regenerator (HAR) devices 140 which use the 55 design decision to determine the relative placement and 

same virtual channel to examine the signal level, the liming spacing of these units. (For example, hybrid amplifier and 

and frequency of the recently connected second generation regenerator (HAR) devices 140 may be placed on the trunk 

cable modem during the time slot used by the recently and the secondary trunks only and conventional analog 

connected second generation cable modem. The system distribution amplifiers may be placed on the feeder lines and 

head end 144 must send commands to all the HAR's 140 60 the secondary feeder lines. Alternatively, hybrid amplifier 

which use the same virtual channel because there is no way and regenerator (HAR) devices, conventional trunk analog 

the system bead end 144 knows from which HAR 140 distribution amplifiers and conventional analog amplifiers 

received the original registration request from the recently can be placed in cyclic positions from the system head end 

connected second generation cable modem. (The system 144 on the trunk 20, secondary trunks 25, feeder lines 30 and 

head end 144 only knows that a registration request has been 65 secondary feeder lines 35) 

mapped into a specific virtual channel which may be used by Another variation of the cable (CATV) network 135 is 

multiple HAR's 140). possible. Referring in particular to FIG. 8, the hybrid ampli- 
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fier and regenerator (HAR) devices are located only on the virtual channels are corrected by the second modified type of 

trunk 20 and the secondary trunks 25 (i.e. no hybrid ampli- hybrid amplifier and regenerator (HAR) device. Hie remain- 

fier and regenerator (HAR) devices 150 on the feeder lines ing hybrid amplifier and regenerator (HAR) devices 140 on 

30 and the secondary feeder lines 35). Conventional analog the trunk 20 and the secondary trunks 25 are not modified, 

distribution amplifiers are used on the feeder lines 30 and the < *. . . r . . _ t _ 

j e y i • 7 AT j "r :! . * 5 Another variation of the invention is possible. A plurality 

secondary feeder lines to boost the first, the second and third , . . . , T . . . *™r v ; 7 , 

type of downstream traffic and the first, second and third ^ OTbod ^ ramp band 

type of upstream traffic In particular, ramp band traffic in the fraffic * J 6 traffic earned m the 

ramp band 250 from the second generation cable modems ™? bands - M t** ^p °ands are separate from each other 

are boosted by the conventional analog distribution ampli- 10 J"*"* ^ band 260. All the ramp 
g ere 10 bands and the express band 260 are in toe reverse frequency 

* ju.u . - . band 240. The ramp bands and the express band 260 are 

r «C f ^ v ZJt£?°^* ^ tyP^y located below the first general upstream band 242 

, . ^ y ^i! m, ^r r ^ aS above the second general utLeam b^d244. 

regenerator (HAR) devices at each junction where the feeder _ z, . 
line 30 meets the trunk 20 or a secondary trunk 25. Since the 15 ^ ramp band traffic is earned in the cable (CATV) 

express band 260 is not used on the feeder lines 30, the Detwork 5 signals modulated on a plurality of 

secondary feeder lines 35 and the subscriber lines 62, an ram P band camers usm & moduktioD techniques such 

express band block filter 700 can be placed on each feeder ? Quao^ture Pbase Shift Keying (QPSK) or Quadrature 

line 30 near each junction where each feeder line 30 meets A^** Modulation (QAM). Each ramp band carrier is 
metrunk20orasecc*Kiarytnmk25.Tte^ block ^ located in each ramp band respectively. The same modula- 

filters prevent any signal or noise located in the express band uon icchnia ^ or different modulation techniques may be 

260 from entering the trunk 20 or any secondary trunk 25 used on each ramp band. The speed of the ramp band traffic 

from the feeder lines 30. Since cable subscribers 60 are not mav mc samc or ^rent on each ramp band. (As 

typically connected to the trunk 20 or the secondary trunks mentioned earlier, the speed of the ramp band traffic typi- 

25, noise in the express band 260 in the trunk 20 and the ^ will be between 320 Kbits/sec and 10 Mbits/sec). 

secondary trunks 25 is typically minimal. This reduction is A third modified type of hybrid amplifier and regenerator 

noise improves the reliability and capacity of upstream (HAR) device is used to map the upstream traffic in the ramp 

traffic carried in the express band in the trunk 20 and the bands into the express band 260. There are a plurality of 

secondary trunks 25. (It is also possible to physically place ramp band receivers, one for each ramp band, in each third 

the express band block filter 700 inside each hybrid ampli- 30 modified type of hybrid amplifier and regenerator (HAR) 

fier and regenerator (HAR) device near each junction where device. The ramp band receivers are designed to detect the 

each feeder line 30 meets the trunk 20 or a secondary trunk digital signals carried on each of the ramp bands and convert 

25). them into a plurality of ramp band Bitstreams. Each ramp 

Furthermore, in the extreme, another variation to the cable band Bitstream consists of a series of digital bits. For each 

(CATV) network 135 is possible. Referring in particular to 35 ram P a fixed number of digital bits constitutes a ramp 

FIG. 9, an express band block filter 700 can be placed on band s > rmbo1 - Depending on the modulation scheme used for 

every line 62 to each cable subscriber 60. These express the respective ramp band traffic carried on each respective 

band block filters block or prevent any signal or noise in the ram P band » the fixed number of digital bits constituting a 

express band 260 in the subscriber lines 62 from entering the ram P Dand symbol may be different or the same , for the 

feeder lines 30 or the secondary feeder lines 35. 40 res pecbVe ramp band traffic carried on each respective ramp 

Consequently, the ingress noise in the express band is band * Each ram P band Bitstream contains the ramp band 

typically substantially reduced in the trunk 20, toe secondary traffic carried on each ramp band respectively. (In particular, 

trunks 25, the feeder lines 30 and the secondary feeder lines the ramp band receivers typically detect the phase and 

35. This reduction in noise improves the reliability and amplitude of the ramp band carriers carried in the ramp 

capacity of upstream traffic carried in the express band. 45 bands m order to detect ^ d convert the digital signals 

Yet another variation to the cable (CATV) network is carried m me respective ramp band traffic into the respective 

possible. Referring in particular to FIGS. 10 and 11, a first riband Bitstreams). A modified time slot manager and a 

modified type of the hybrid amplifier and regenerator (HAR) modified control unit are used to map the each ramp band 

device can be used in the feeder lines 30 and the secondary s > rmbo1 m each ram P band Bitstream into the express band 

feeder lines 35. As shown in FIG. 10, the control unit 500 is so BitstI ?. am - ^ "J**" coaUo } unit cc^rdmates the digiul 

modified so that the time slot manager 470 maps ramp band ^ mc d r nsK,n ™lUplexing used to map the ramp band traffic 

traffic 720 from a Hybrid amplifier and regenerator (HAR) ^ the b f n ^ mt ° the exprcss band tralEc camcd m 

device 140 into multiple virtual channels 730 in the express ex P res s band 260. 

band Bitstream 740. Ramp band traffic from different Hybrid FIG. 12 shows three ramp bands 250, 850 and 860 and 

amplifier and regenerator (HAR) devices 140 are mapped 55 0De express band 260. The ramp band 250 carries the ramp 

into different multiple virtual channels in the express band band traffic from the second generation cable modems. The 

Bitstream 740. This mapping (or multiplexing) technique ram P Dan d 850 carries the ramp band traffic for Cornerstone 

provides redundancy and improved noise resilience in the Vbice*, a product offered by Nortel*. Cornerstone Voice* 

cable (CATV) network. A second modified type of hybrid uses special cable modems which provide telephony capa- 

amplifier and regenerator (HAR) device is located near each 60 bm ty to cable subscribers. The ramp band 860 carries other 

junction where each feeder line 30 meets the trunk 20 or a ram P band traffic. As shown in FIG. 12, the ramp band 250 

secondary trunk 25. Referring to FIG. 11, the control unit aod the ramp band 850 have the same bandwidth. The ramp 

500 is modified so that the time slot manager 470 maps the band 860 has a smaller bandwidth than the ramp bands 250 

multiple virtual channels 730 containing the ramp band aod M>0. FIG. 12 also shows different modulation schemes 

traffic from the Hybrid amplifier and regenerator (HAR) 65 for each ram P band (shown by the different hatching), 

device 140 into one virtual channel 745 in the express band Referring to FIG. 13, the third modified type of hybrid 

Bitstream 748. If possible, any discrepancies between the amplifier and regenerator (HAR) device is used to map the 
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upstream traffic in ramp bands 250, 850 and 860 into the into a plurality of express bands using digital time division 
express band 260. In addition to the ramp band receiver 460, multiplexing. This variation is suitable for cable (CATV) 
the digital regenerator 464 in the third modified type of networks that have heterogeneous cable modems which 

hybrid amplifier and regenerator (HAR) device utilizes two have non-interchangeable related modulation rates. In this 

additional ramp band receivers 950, 960. The ramp band 5 embodiment, the express band traffic is the second type of 

receivers 460, 950 and 960 are designed to det^t and upstream traffic carried in the express bands. All the express 

°°^SL ?L < f ned mC ^ bands are separate from each other and are separate from the 

and 860 re^ecuvely into three ramp band Bi^ms (In ramp bands 250. All the express bands and the ramp band 

particular, the ramp band receivers 460, 950 and 960 detect ,~ ;„ ™_ tSL , . a *>ai\ -n„ 

f. . . f. . - , , . ... 250 are in the reverse Frequency band 240. The express 

the phase and amplitude of the ramp band earners earned in . ^ . u~~a<. ->«n L * • n i . . . _i 

.u u ->«a om -a o£A i \ a j c j 10 bands and the ramp bands 250 are typically located below 

the ramp bands 250, 850 and 860 respectively). A modified , *\ . a*>*-> a L .u , 

, \ ' , , *™f , 77 . , the first general upstream band 242 and above the second 

time slot manager ♦Trade-maark * used to map the each ^ * ^ 244 

ramp band symbol in each ramp band Bitstream into the 

express band. A modified control unit coordinates the digital ^ ex P rcss ^ lraffic » carried m ^ cable (CATV) 

time division multiplexing used to map the upstream traffic network 135 using digital signals modulated on a plurality of 

from the ramp bands into the express band Bitstream. 15 ex P ress band carriers using known modulation techniques 

Another variation of the invention is possible. The *s 16 or 64 <*ad^^ 

upstream traffic in one ramp band can be mapped into a Each ^ll^* ex ^ baod 

plurality of express bands using digital time mvision mul- * V*.*™* ""^^n " ^a 

tiplexing. In this embodiment, express band traffic is the a t ^ UeS ma J[ * usc £ on Cach J ^ band ' 

second type of upstream traffic carried in the express bands. 20 ^ speed of d* express band traffic may be the same or 

All the express bands are separate from each other and are ^ e ™|™ band. It is normally the same. (As 

separate from the ramp band 250. Alltbe express bandsand Z ^ ^^^.1^ ^TJ^*^ 

the ramp band 250 are in the reverse frequency band 240. T * bclw f en 20 30(1 40 MbitetoO. 

Tbe express bands and the ramp band 250 are typically „ ?"? embodiment requires multiple downstream control and 

located below the first general upstream band 242 and above 25 timing tones (one for each express band), 

the second general upstream band 244. Certain Hybrid amplifier and regenerator (HAR) devices 

Ihe express band traffic is carried in the cable (CATV) 140 ma P *** u&mc m ODe of ram P bands to 

network 135 using digital signals modulated on a plurality of onc of express bands. Other Hybrid amplifier and 

express band carriers using known modulation techniques 30 re S encrator ( HAR ) devices 140 map the ramp band traffic in 

such as 16 or 64 Quadrature Amplitude Modulation (QAM). aDOmer ^ band to another ex P ress band * eta 

Each express band carrier is located in each express band All such modifications or variations are believed to be 

respectively. The same modulation technique or different within the sphere and scope of the invention as defined by 

modulation techniques may be used on each express band. the claims appended hereto. 

The speed of the express band traffic may be the same or 35 We claim: 

different on each express band. It is normally the same. (As A hybrid amplifier and regenerator (HAR) device for 

mentioned earlier, the speed of the express band traffic use in a communications network for carrying downstream 

typically will be between 20 Mbits/sec and 40 Mbits/sec). lraffic in a forward frequency band and for carrying digital 

A fourth modified type of hybrid amplifier and regenera- upstream traffic in a reverse frequency band spaced from the 

tor (HAR) device is used to map the upstream traffic in the 40 forward frequency band and below the forward frequency 

ramp band 250 into the express bands. There are a plurality band, the hybrid amplifier and regenerator (HAR) device 

of express band receivers, one for each express band, in each comprising: 

fourth modified type of hybrid amplifier and regenerator an analog amplifier for amplifying said downstream traf- 

(HAR) device. All the express band receivers are designed fie; and 

to detect and convert the digital signals carried in each 45 a digital regenerator, wherein said digital regenerator 

respective express band into a plurality of express band comprises: 

Bitstreams. Each express band Bitstream consists of a series mapping circuitry for mapping digital upstream traffic 

of digital bits. A second modified time slot manager and a carried in at least one ramp band which is part of the 

second modified control unit are used to map the each ramp reverse frequency band to digital upstream traffic 

band symbol in the ramp band Bitstream typically into one 50 carried in at least one express band which is also part 

of the express band Bitstreams. The second modified control of the reverse frequency band but spaced from the at 

unit coordinates the digital time division multiplexing used least one ramp band, wherein the at least one express 

to map the ramp band traffic from the ramp band into the band transports upstream traffic at a substantially 

express band Bitstreams. (For example, a plurality of fourth higher data rate as compared to the at least one ramp 

modified type of hybrid amplifier and regenerator (HAR) 55 band so that upstream traffic originating from a 

devices in one part of the cable (CATV) network can map plurality of sources can be aggregated from the at 

the ramp band traffic into a certain express band. Another least one ramp band into the at least one express 

plurality of fourth modified type of hybrid amplifier and band; and 

regenerator (HAR) devices in another part of the cable an express band transmitter for transmitting digital 

(CATV) network can map the ramp band traffic into another 60 upstream traffic from the mapping circuitry in the at 

express band, etc). The second modified time slot manager least one express band. 

could also map each ramp band symbol in the ramp band 2. A hybrid amplifier and regenerator (HAR) device 

Bitstream into a plurality of the express band Bitstreams or according to claim 1, wherein said mapping circuitry uses 

all of the express band Bitstreams for redundancy and digital time division multiplexing to map the digital 

improved resilience. 65 upstream traffic carried in said at least one ramp band to the 

Yet another variation of the invention is possible. The digital upstream traffic carried in said at least one express 

ramp band traffic in a plurality of ramp bands can be mapped band. 
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3. A hybrid amplifier and regenerator (HAR) device 
according to claim 2, wherein there are a plurality of ramp 
bands and only one express band. 

4. A hybrid amplifier and regenerator (HAR) device 
according to claim 2, wherein there are a plurality of express 
bands and only one ramp band. 

5. A hybrid amplifier and regenerator (HAR) device 
according to claim 2, wherein there are only one ramp band 
and one express band 

6. A hybrid amplifier and regenerator (HAR) device 
according to claim 5, wherein said mapping circuitry com- 
prises: 

a diplex filter to separate the digital upstream traffic 
carried in the ramp band from the digital upstream 
traffic carried in the express band; 

a ramp band receiver to detect the digital upstream traffic 
carried in the ramp band, said ramp band receiver being 
connected to the diplex filter; 

an express band receiver to detect the digital upstream 
traffic carried in the express band, said express band 
receiver being connected to the diplex filter; 

a time slot manager for mapping the digital upstream 
traffic carried in the ramp band from the ramp band 
receiver to the digital upstream traffic carried in the 
express band from the express band receiver, said time 
slot manager being connected to the ramp band receiver 
and the express band receiver, and 

a control unit for controlling the mapping of the digital 
upstream traffic carried in the ramp band to the digital 
upstream traffic carried in the express band, said control 
unit being connected to the time slot manager, the ramp 
band receiver and the express band receiver. 

7. A hybrid amplifier and regenerator (HAR) device 
according to claim 1 further comprising a reverse secondary 
analog amplifier for amplifying upstream traffic carried in at 
least one general upstream band which is part of the reverse 
frequency band but spaced from the at least one ramp band 
and the at least one express band. 

8. A hybrid amplifier and regenerator (HAR) device 
according to claim 7, wherein the reverse secondary analog 
amplifier comprises: 

a diplex or a triplex filter to separate the upstream traffic 
carried in the at least one general band from the 
upstream traffic carried in the at least one ramp band 
and the at least one express band; and 

an analog amplifier for amplifying the upstream traffic 
carried in at least one general upstream band. 

9. A hybrid amplifier and regenerator (HAR) according to 
claim 7, wherein said at least one general frequency band 
comprises a first general frequency band and a second 
general frequency band. 

10. A digital regenerator for use in hybrid amplifier and 
regenerator (HAR) device, the digital regenerator compris- 
ing: 

mapping circuitry for mapping digital upstream traffic 
carried in at least one ramp band which is part of a 
reverse band to digital upstream traffic carried in at 
least one express band which is also part of the reverse 
band but spaced from the at least one ramp band, 
wherein the at least one express band transports 
upstream traffic data at a substantially higher data rate 
as compared to the at least one ramp band so that 
upstream traffic originating from a plurality of sources 
can be aggregated from the at least one ramp band into 
the at least one express band; and 

an express band transmitter for transmitting digital 
upstream traffic from the mapping circuitry in said at 
least one express band. 
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U. A digital regenerator according to claim 10, wherein 
said mapping circuitry uses digital time division multiplex- 
ing to map the digital upstream traffic carried in said at least 
one ramp band to the digital upstream traffic carried in said 
at least one express band. 

12. A digital regenerator according to claim 11, wherein 
there are a plurality of ramp bands and only one express 
band. 

13. A digital regenerator according to claim U, wherein 
there are a plurality of express bands and only one ramp 
band. 

14. A digital regenerator according to claim 11, wherein 
there are only one ramp band and one express band. 

15. A digital regenerator according to claim 14, wherein 
said mapping circuitry comprises: 

a diplex filter to separate the digital upstream traffic 
carried in the ramp band from the digital upstream 
traffic carried in the express band; 

a ramp band receiver to detect the digital upstream traffic 
carried in the ramp band, said ramp band receiver being 
connected to the diplex filter, 

an express band receiver to detect the digital upstream 
traffic carried in the express band, said express band 
receiver being connected to the diplex filter; 

a time slot manager for mapping the digital upstream 
traffic carried in the ramp band from the ramp band 
receiver to the digital upstream traffic carried in the 
express band from the express band receiver, said time 
slot manager being connected to the ramp band receiver 
and the express band receiver; and 

a control unit for controlling the mapping of the digital 
upstream traffic carried in the ramp band to the digital 
upstream traffic carried in the express band, said control 
unit being connected to the time slot manager, the ramp 
band receiver and the express band receiver. 

16. A communications network for carrying downstream 
traffic from a system head end to a plurality of cable 
subscribers within a forward frequency band, and for car- 
rying digital upstream traffic from the plurality of cable 
subscribers to the system head end in a reverse frequency 
band which is spaced from the forward frequency band and 
below the forward frequency band, the communications 
network comprising: 

(a) transmission means for interconnecting the system 
head end and the plurality of cable subscribers; 

(b) a plurality of hybrid amplifier and regenerator (HAR) 
devices located at spaced intervals along the transmis- 
sion means, each hybrid amplifier and regenerator 
(HAR) device comprising: 

amplification circuitry for amplifying said downstream 
traffic; and 

a digital regenerator, wherein said digital regenerator 
comprises: 

mapping circuitry for mapping digital upstream traf- 
fic carried in at least one ramp band which is part 
of the reverse frequency band to digital upstream 
traffic carried in at least one express band which is 
also part of the reverse frequency band but spaced 
from the at least one ramp band, wherein the at 
least one express band transports upstream traffic 
data at a substantially higher data rate as compared 
to the at least one ramp band so that upstream 
traffic originating from a plurality of sources can 
be aggregated from the- at least one ramp band into 
the at least one express band; and 

an express band transmitter for transmitting digital 
upstream traffic from the mapping circuitry in said 
at least one express band; and 
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(c) cable modems Cor receiving the downstream traffic for 
the cable subscribers and for sending the digital 
upstream traffic from the cable subscribers in said at 
least one ramp band. 

17. A communications network according to claim 16, 
wherein the transmission means comprise a trunk, a plurality 
of secondary trunks, a plurality of feeder lines, a plurality of 
secondary feeder lines and a plurality of subscriber lines. 

18. A communication network according to 17, wherein 
the trunk and the secondary trunks use fibre optic cable, the 
feeder lines, the secondary feeder lines and the subscriber 
lines use coaxial cable and the transmission means further 
comprise a plurality of fibre nodes used to interconnect the 
coaxial cable with the fibre optic cable. 

19. A communications network according to claim 17, 
wherein the transmission means use coaxial cable. 

20. A communications network according to claim 17 
further comprising a plurality of express band block filters, 
each express band block filter being placed on each feeder 
line near the trunk or near one of the secondary trunks. 

21. A communications network according to claim 17 
further comprising a plurality of express band block filters, 
each express band block filter being placed on each sub- 
scriber line. 

22. A communications network according to claim 17 
further comprising a plurality of trunk analog distribution 
amplifiers located at spaced intervals along the trunk and the 
secondary trunks and a plurality of analog distribution 
amplifiers located at spaced intervals along the feeder lines 
and the secondary feeder lines and wherein the trunk analog 
distribution amplifiers and the analog distribution amplifiers 
amplify the downstream traffic and the upstream traffic. 

23. A method for carrying in a communications network 
downstream traffic in a forward frequency band and digital 
upstream traffic in a reverse frequency band which is spaced 
from the forward frequency band and below the forward 
frequency band, the method comprising: 

amplifying and transmitting said downstream traffic in the 
forward frequency band; 

mapping digital upstream traffic carried in at least one 
ramp band which is part of the reverse frequency band 
to digital upstream traffic carried in at least one express 
bands which is also part of the reverse frequency band 
but spaced from the at least one ramp band, wherein the 
at least one express band transports upstream traffic 
data at a substantially higher data rate as compared to 
the at least one ramp band so that upstream traffic 
originating from a plurality of sources can be aggre- 
gated from the at least one ramp band into the at least 
one express band; and 

transmitting digital upstream traffic in the at least one 
express band. 

24. A method according to claim 23, wherein the mapping 
uses digital time division multiplexing. 

25. A method according to claim 24, wherein there are a 
plurality of ramp bands and only one express band. 

26. A method according to claim 24, wherein there are a 
plurality of express bands and only one ramp band. 

27. A method according to claim 24, wherein there are 
only one ramp band and one express band. 

28. A method for processing digital upstream traffic in a 
digital regenerator, the method comprising: 

mapping digital upstream traffic carried in at least one 
ramp band which is part of the reverse frequency band 
to digital upstream traffic carried in at least one express 
band which is also part of the reverse frequency band 
but spaced from the at least one ramp band, wherein the 
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at least one express band transports upstream traffic 
data at a substantially higher data rate as compared to 
the at least one ramp band so that upstream traffic 
originating from a plurality of sources can be aggre- 
gated from the at least one ramp band into the at least 
one express band; and 
transmitting digital upstream traffic in the at least one 
express band. 

29. A method according to claim 28, wherein said map- 
ping uses digital time division multiplexing. 

30. A method according to claim 29, wherein there are a 
plurality of ramp bands and only one express band 

31. A method according to claim 29, wherein there are a 
plurality of express bands and only one ramp band. 

32. A method according to claim 29, wherein there are 
only one ramp band and one express band 

33. A hybrid amplifier and regenerator (HAR) device for 
use in a communications network for carrying downstream 
traffic in a forward frequency band and for carrying digital 
upstream traffic in a reverse frequency band spaced from the 
forward frequency band and below the forward frequency 
band, the hybrid amplifier and regenerator (EAR) device 
comprising: 

an analog amplifier for amplifying said downstream traf- 
fic; and 

a digital regenerator, wherein said digital regenerator 
comprises: 

mapping circuitry for mapping digital upstream traffic 
carried in a ramp hand which is part of the reverse 
frequency hand to a plurality of virtual channels 
carried in an express band which is also part of the 
reverse frequency band but spaced from the ramp 
band, wherein the at least one express band trans- 
ports upstream traffic data at a substantially higher 
data rate as compared to the at least one ramp band 
so that upstream traffic originating from a plurality of 
sources can be aggregated from tie at least one ramp 
band into the at least one express band; and 

an express band transmitter for transmitting the virtual 
channels from the mapping circuitry in the express 
band. 

34. A hybrid amplifier and regenerator (HAR) device for 
use in a communications network for carrying downstream 
traffic in a forward frequency band and For carrying digital 
upstream traffic in a reverse frequency band spaced from the 
forward frequency band and below the forward frequency 
band, the hybrid amplifier and regenerator (HAR) device 
comprising: 

an analog amplifier for amplifying said downstream 
traffic, and 

a digital regenerator, wherein said digital regenerator 
comprises: 

mapping circuitry for mapping digital upstream traffic 
carried in a plurality of virtual channels in an express 
band which is part of the reverse frequency band to 
a single virtual channel in the express band, wherein 
the at least one express band transports upstream 
traffic data at a substantially higher data rate as 
compared to the at least one ramp band so that 
upstream traffic originating from a plurality of 
sources can be aggregated from the at least one ramp 
band into the at least one express band; and 
an express band transmitter for transmitting the single 

virtual channel from the mapping circuitry in the 

express band. 

35. A digital regenerator for use in a hybrid amplifier and 
regenerator (MAR) device, the digital regenerator compris- 
ing: 
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mapping circuitry for mapping digital upstream traffic 
carried in a ramp band which is part of a reverse 
frequency band to a plurality of virtual channels carried 
in an express band which is also part of the reverse 
frequency band but spaced from the ramp band, 
wherein the at least one express band transports 
upstream traffic data at a substantially higher data rate 
as compared to the at least one ramp band so that 
upstream traffic originating from a plurality of sources 
can be aggregated from the at least one ramp band into 
the at least one express band; and 

an express band transmitter for transmitting the virtual 
channels from the mapping circuitry in the express 
band. 

36. A digital regenerator for use in a hybrid amplifier and 
regenerator (HAR) device the digital regenerator compris- 
ing: 

mapping circuitry for mapping digital upstream traffic 
carried in a plurality of virtual channels in an express 
band which is part of a reverse frequency band to a 
single virtual channel in the express band, wherein the 
single virtual channel transports upstream traffic data at 
a substantially higher data rate as compared to any one 
of the plurality of virtual channels so that upstream 
traffic originating from a plurality of sources can be 
aggregated from the plurality of virtual channels into 
the single virtual channel; and 

an express band transmitter for transmitting the single 
virtual channel from the mapping circuitry in the 
express band. 

37. A method for multiplexing a plurality of express band 
transmissions, each express band transmission having a 
duration, from a plurality of respective downstream hybrid 
amplifier and regenerator (HAR) devices at an upstream 
hybrid amplifier and regenerator (HAR) device in a com- 
munications network, the method comprising: 

a) determining a start time for each express band trans- 
mission which ensures that the express band transmis- 



10 



15 



20 



25 



30 



35 



sions will arrive at the upstream hybrid amplifier and 
regenerator (HAR) device without interfering with 
each other, and, 
b) beginning each express band transmission from each 
respective downstream hybrid amplifier and regenera- 
tor (HAR) device at each respective start time; 
wherein the transmitting step uses a Quadrature Ampli- 
tude Modulation (QAM) scheme represented by a 
QAM constellation having a null position. 

38. A method according to claim 37, wherein the QAM 
constellation has an all zero position and the all zero position 
is shared with the null position. 

39. A method for multiplexing a plurality of express band 
transmissions, each express band transmission having a 
duration and being modulated on an express band carrier 
within an express band, from a plurality of respective 
downstream hybrid amplifier and regenerator (HAR) 
devices at an upstream hybrid amplifier and regenerator 
(HAR) device in a communications network having a head 
end, the method comprising: 

a) transmitting from the head end a downstream control 
and timing tone in an downstream control and timing 
tone band which is separate and apart from the express 
band wherein the express band carrier is an integral 
sub-multiple of the downstream control and timing 
tone. 

b) determining a signal crossing of the downstream con- 
trol and timing tone for each express band transmission 
upon which each respective express band transmission 
will begin which ensures that the express band trans- 
missions will arrive at the upstream hybrid amplifier 
and regenerator (HAR) device without interfering with 
each other; and, 

c) beginning each express band transmission from each 
respective downstream hybrid amplifier and regenera- 
tor (HAR) device at each respective signal crossing. 
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SYSTEM AND METHOD FOR ENHANCED bent-pipe (transponder) or regenerative types, using analog 

SATELLITE PAYLOAD POWER or digital signal processing technologies. Each repeater may 

UTILIZATION have a dedicated high-power amplifier (HPA) or share a 

hybrid-matrix amplifier assembly with other repeaters. Each 

TECHNICAL FIELD 5 repeater may also be assigned to a single signal carrier or be 

^ . . , „ used to support several carriers. All such high-power ampli- 

TTie present invention re ates generally to communication fier assemblks suppo^g multiple carriers are operated in 

systems, and more particularly, to satellite communication a moc j e 

systems. The total downlink power of each satellite is divided 

BACKGROUND ART 10 2mon ^ lls repeaters based on the projected traffic capacity of 

each repeater. With bent-pipe designs, the repeater power is 

Satellite communication systems are widely used to sup- also pre -allocated to each carrier based on a maximum 

port video, voice and data communication services all over number of such carriers the repeater must support. In other 

the world. In recent years such services are being delivered words, a predetermined portion of the repeater power is 

to the individual end-user directly via small fixed or mobile 15 always reserved for each signal carrier whether or not that 

terminals on a point-to-point basis. carrier is actually present. With regenerative designs, where 

Handheld mobile terminals, and other ultra-small aperture USCT traffic through each repeater is generally multiplexed 

personal terminals are expected to be widely used with all mto a single downlink time-division multiplexed (TDM) 

types of satellite systems for mobile and fixed telephony, carrier, the repeater power is fully utilized at all times 

data/fax, interactive bandwidth -on-demand, and multimedia 20 regardless of traffic volume. This guarantees the availability 

applications. °f power to each carrier (or user data burst) during heavy 

All such satellite systems rely on the use of any one or a traffic P 8 ™* wbcn eacb re P ealer * ex P ected to loaded 
combination of single channel per carrier (SCPQ, time- at ™ axUD ™ capacity. However, as with all demand- 
division multiple-access (TDMA) or code^iivision multiple- multiple-access transmission techniques, the peak 
access (CDMA) transmission technologies. Such systems 25 lo ^S occurs ^ a ^ b ^ c6on of 
result in transmission of a large number of signal carriers in ^ * ^ no ^ c 0 P eraUons - Moreover, the peak traffic 
a frequencyndivision multiple-access (FDMA) arrangement, loaduig for ea *J re Pf ate / Jf^Y occurs a few years after the 
and on a demand-assigned multiple-access (DAMA) basis. system start when the full population of user terminals are 
In these systems each user is allowed to access and use the m deployed and operational. 

system only when the user has a need, and even then the M such ' satellite based communication systems are 

system resources are assigned to the user based on demand. deployed with a capacity to support a system which gener- 

From the perspective of a satellite communication system, ^ rcacnes its maximum traffic loading several years later, 

users do not have a dedicated mil-time transmission channel Even tbca * 0,(5 fuU Payload power of each repeater is utilized 

but rather share such channels with other users. Moreover, onl y for a faction of the time during the peak daily 

signal transmissions from end-user terminals to the satellite 35 tn!Sc hours * For ^ other times ' ^ P° wer of each repeater 

do not need to occur unless there is information to be * reserved for many channels or carriers which are not 

transmitted. active. Recognition of this gross under-utilization of the 

Examples of such satellite communication systems c ^ iv ? t ^ teUile P^ oid P° wcr P™** significant 

include geosynchronous (GSO) and non-geosynchronous n °PP^|ly ^ "nprovement as accomplished by the present 
(NGSO) earth orbit systems which are being deployed for 

mobile and fixed telephony applications, in addition to the SUMMARY OF THE INVENTION 
new wide-band systems for bandwidtbK>n^demand and Accordingly, it is an object of the present invention to 
point-to-point multimedia services. To meet the business provide a system and method for more efficient utilization of 
requirements for high-capacity and wide-area coverage 45 the power for each satellite repeater/transponder during 
capabilities, most such systems employ a large number of low-traffic periods to improve the overall performance of the 
very high-gain spot beams. system in a multi-carrier, demand-assigned satellite com- 
In general, communications satellites can cover a large munication system. In such systems, the satellite payload is 
geographical area via a single or several communications generally made up of a number of non-regenerative (bent- 
beams (reaching even a few hundred beams in some cases). 50 pipe), repeater sections where each repeater processes the 
The total available radio frequency spectrum for each sat- active signal carriers present within a particular portion of 
ellite beam is generally broken up into a number of smaller the satellite frequency spectrum. Such repeaters operate in a 
channels. Each radio frequency channel can be used, based linear mode where the amount of downlink power of each 
od many system design objectives, to carry signals using any signal carrier (as received at the satellite) is directly propor- 
of the three transmission technologies (SCPC, TDMA, or 55 tional to the level transmitted by a ground station. Such 
CDMA) noted above. In demand-assigned systems, trans- systems may also employ uplink power control to com pen- 
mission of the signal carrier by each user terminal in any sate for various propagation anomalies and maintain a 
channel is managed by a central system controller. The relatively constant signal level. 

power level of each carrier, and how much of the satellite a is a further object of the present invention to provide 

downlink power is used by that carrier, is determined by 50 systems and methods for enhancing the utilization of satel- 

many system parameters but is generally fixed once it is lite power, dynamically and automatically, by allocating the 

determined. However, such systems typically employ uplink power of each repeater among the signal carriers passing 

power control to compensate for propagation anomalies so through it in accordance with current traffic loading condi- 

thal the signal level received at the satellite is relatively tions. As such, during low-traffic periods each carrier 

constant. 65 receives a certain additional amount of downlink power 

Onboard the satellite, each downlink beam carries signals (compared to the lower full-load value) resulting in a 

from one or more payload repealers. Repeaters may be of the substantial improvement in system performance. 
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The present invention can be implemented as either a The present invention groups individual user carriers 

ground-based system or a satellite-based system. For exist- based on the intended satellite repeater rather than grouping 

ing satellite systems (already launched and operational), the by user location as in the prior art systems. After grouping 

present invention can be integrated into the existing ground according to the intended repeater, each composite IF signal 

equipment infrastructuie. For new systems, the present 5 is passed through a DCPA driver amplifier module for level 

invention is preferably implemented as part of the satellite control as described above. The output of all the DCPA 

payload itself. driver amplifier modules are then combined into a single 

In carrying out the above objects and other objects and composite signal and fed to the upconverter-HPA subsystem 

features of the present invention for a ground-based as in the existing systems. The particular DCPA configura- 

implementation, a system for controlling the power level of io tion is determined on a case-by-case basis depending on the 

uplink carriers is provided to improve the utilization of configuration details of the existing network. Generally, the 

satellite repeater power. The system is implemented as a DCPA configuration includes a number of DCPA driver 

dynamic carrier power allocation (DCPA) assembly at each amplifier modules, signal dividers, band-pass filters, and 

feeder earth station or alternatively integrated with the combiners as explained in greater detail below, 

satellite payload of a communication network. The DCPA 15 For ^ new systems, the present invention may be imple- 

asscmbly includes DCPA^driver amplifier modules and meQ ted as part of each satellite repeater in the form of a 

associated circuitry which is inserted before the upcoovertcr DCPA-Driver amplifier replacing the traditional driver 

and high-power amplifier (HPA) assembly within the ground amplifier which precedes the HPA unit for the repeater. In 

station. At each feeder station the DCPA assembly collects ^ syslems me DCPA-Driver amplifier automatically con- 

and groups all the out-going intermediate-frequency (IF) 20 u- 0 is ih e gain as described with respect to the single-feeder 

carriers assigned to the same satellite repeater into one station ^ for a ^^^^ implementation. 

composite signal. A DCPA-driver amplifier controls the ™ . , . - , A . . 

1 1 c u *. ir? * 1 • 1 1 „ -,l 4 . The present invention has a number of advantages relative 

level of each composite IF signal in accordance with the . - . . ™. . - 

♦ * * 1 1 a- r u . c j. nroA a * to the prior art systems and methods. The present invention 

current total loading of each repeater. Each DCPA driver . , . *_? • • ./ , ... , r 4 , .. 

. , j ... i\. „ . . . better utilizes the downlink power of repeaters under all 

amplifier associated with one of the IF signals has a con- 25 t - • t . . ,-T 

*_^« i_i . c ^ 1- . " . loading conditions resulting in an increase in the downlink 

trollable gam function. For satellite communications sys- & - . , 

, . • 1 r j jL t4 . t . < power for each earner under reduced traffic loading condi- 

tems employing a single feeder earth station, the gam- f. ~- . . , , • 

A . 1 'T* 3 . °\ , . t . c . r i_i tions. This increase in downlink power results in a corre- 

control function of each driver amplifier is preferably ,. . . , , * , 

_e j . * * 11 » * 1 * «r i az c sponding increase in the downlink margin. As a result, the 

performed automatically. When the total traffic loading for a r . . .. . , ... .fTr. , 

„ ■ . * * ■ . 1 , • u communication link has a higher availability when com- 

repeater is above a predetermined or adjustable threshold, 30 . , t . , ..... ^ * . , 

^ * » j j * i-c * 11 1 ^ * pared to the link availability achievable under the lower 

the associated driver amplifier automatically selects a gam £ , 4 - - J . ^ ™ . 

position that corresponds to a zero relative gain with reject 6«d Power systems of the pru>r art. To achKve the same 

Elbe nominal vataeneeded for 100% full-load condWoi*, ^ r » ve "*° avatlabihry usmg tradmonal method* 

. . » . ... . ,. more downlink power would have to be allocated to each 

.x.^add*onalgamorb^nsp ro vi«fcd Whenthe loading ^ ^ngZm increase in the total required repeater 

is below the threshold, the driver amplifier automatically 35 A r *u * . 1 * n * * aau- 1 

. A - , . * ... . r , t . * power and therefore the total satellite power at additional 

selects a fixed gam point which is a predetermined amount , r -, . , t „ « 

. t *• , . . cost, 11 available at all. Thus, the present invention is 

above the zero- relative gam, i.e. the gam is increased based 7 * e >J . 11 ■* . - . . 

. , . 1 J? r .u * 1 .tv analogous to an increase of the satellite power which is 

on reduced system loadmg for that particular repeater. The .P . . . , Cl 4 : .. 

. . ..i . • .V • *. i .u mamfested in various system benefits to improve overall 

driver amplifier operates in this gam position while the , _ r ' . , „ , A * . , t 

. j= 1 J- - u 1 .i_ lTj • . w . system performance — without the attendant disadvantages 

traffic loading is below the threshold point. In this manner, 40 "i • j . j • i_. 

.. . & . ... . r of increased cost and weight, 
all active earners passing through the amplifier receive a 

fixed boost to their power levels. This in turn results in a For new systems, the resulting benefits of the present 

corresponding increase when the carriers pass through the invention can be directly applied to reduce the required 

HPA assembly of the feeder earth station. The increased satellite payload power for a particular mission thereby 

uplink level results in a corresponding increase to the 45 resulting in reduced costs. For existing systems, advantages 

downlink power of each affected carrier passing through the of thc P rcscnl invention include increasing the total number 

satellite repeater which results in improved power utilization of carriers supported by the system (if additional frequency 

to enhance system performance. spectrum is available), increasing the average link margin 

A method is also provided to improve power utilization aod *viilability of communications services, increasing the 

and increase efficiency for communication systems where 50 svslC1 ^ ^ d ^ mcc a ™ (when combined with an 

multiple feeder earth stations arc employed, all of which ^ade of thc radiated power of the end user stations), or 

may load the same satellite repeaters. The method controls ^ combination thereof as determined by the system owner 

the aggregate power level of uplink signals in a similar operator. 

manner as that described above for the single earth feeder n * above and other objects, features and advan- 

station implementation. However, where multiple earth 55 tages of the present mvenUon will be reamly appreciated by 

feeder stations are employed, the gain-control function of 0De of ordinary skill in the art from the following detailed 

each DCPA-driver amplifier is determined by a Network description of the best modes for carrying out the invention 

Demand-assigned multiple-access Control Center (NDCQ. when takeo 10 conjunction wim the accompanying drawings. 

The NDCC centrally manages the overall or aggregate traffic BRIEF DESCRIPTION OF THE DRAWINGS 

assignment and loading of each satellite repeater through its 60 

interactions with all of the feeder earth stations. Thus, the FIG. 1 illustrates a general configuration for a satellite 

NDCC is aware of the total loading of each satellite repeater communication system with which the present invention 

imposed by all of the feeder earth stations and selects a may be integrated; 

common gain position for the DCPA-driver amplifiers of all FIG. 2 is a block diagram representation showing inte- 

feeder earth stations accordingly. The NDCC preferably 65 gralion of DCPA assemblies into feeder earth stations 

communicates with each feeder station at all times to according to the present invention for a ground-based imp le- 

perform this function. mentation; 
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FIG. 3 is a block diagram illustrating details of a Dynamic convenience and ease of illustration. Of course, in practice 

Carrier Power Allocation (DCPA) Assembly for a ground- many payload subsystems, including receive and transmit 

based implementation of the present invention; antennas, receivers, HPA assemblies, and the like, could be 

FIG. 4 is a block diagram illustrating a DCPA-driver shared by several conceptual repeaters, 

amplifier module according to the present invention; and 5 Where more than one feeder earth station 12 is employed 

FIG. 5 is a flow chart illustrating a method for improving in communication system 10, traffic loading coordination 

utilization of satellite payload power according to the among feeder earth stations 12 is provided by NDCC 40. 

present invention. Each feeder earth station 12 includes Network Interface 

m Equipment 44 through which feeder earth stations 12 inter- 

BEST MODE FOR CARRYING OUT THE to face with network 36. Each feeder earth station 12 further 

INVENTION includes a plurality of channel units (CU) 46. Channel units 

Referring to FIG. 1, a satellite communication system 10 process and modulate user information signals into 

is illustrated. Satellite communication system 10 includes a intermediate-frequency (IF) signals for transmission, in 

plurality of feeder earth stations 12 located on Earth. Feeder addition to demodulating received IF signals to recover user 

earth stations 12 transmit signals to a satellite 16 in an orbit 15 information. As such, the number of channel units 46 in 

around Earth. Satellite 16 includes at least one repeater 18 operation and active at any particular time depends upon the 

which receives signals from feeder earth stations 12, pro- traffic loading of communication system 10. During off-peak 

cesses the signals, changes their frequency, and transmits the hours, only a few of channel units 46 will actually be active 

signals to one or more end user stations (EUS) 20 located on at ODe toe. 

Earth. Satellite 16 may transmit signals using a single beam 20 Signal carriers from feeder earth stations 12 correspond- 

or multiple beams each supported by a single or an aggregate ing to channel units 46 are transmitted to satellite 16 and 

of repeater sections depending upon the particular applica- after reception are passed to various repeater sections 18. 

tion. Each channel unit 46 is dynamically assigned by NDCC 40 

Feeder earth stations 12 are preferably fixed in location. „ 1° wodt through a designated repeater section 18 according 
End user stations 20 may be fixed, portable, or mobile. Each to a predetermined carrier frequency plan. Feeder earth 
feeder earth station 12 has an antenna 22 for transmission of stations 12 further include a signal combiner 48, coupled to 
signals via carriers of suitable frequencies to a receiving channel units 46, for combining the modulated IF signals, 
antenna 26 of satellite 16. Each end user station 20 has an The combined or composite signal is communicated to 
antenna 28 for reception of the signals transmitted via ^ Dynamic Carrier Power allocation (DCPA) assembly 50, an 
suitable carriers from a transmitting antenna 32 of satellite upconverter (U/Q 52, and a high-power amplifier (HPA) 54. 
16. In most applications, the same antenna may be used for FIG. 3 illustrates a generic block diagram for implemen- 
ts th transmitting and receiving signals. tation of the DCPA system and method according to the 

One or more repeaters 18 (best illustrated in FIG. 2) are present invention for satellite systems that have already been 

connected between receiving antenna 26 and transmitting 35 deployed and are in operation. One embodiment of the 

antenna 32. The present invention may be used in a variety present invention may be implemented by the integration of 

of communication applications. For example, satellite com- DCPA Assembly 50 into the feeder earth station(s) as shown, 

munication system 10 may be employed for the transmission DCPA Assembly 50 includes a power divider or splitter 60, 

of telephonic and data signals. Private or public telephone a plurality of sets 62 of band pass filters 64, a plurality of 

and data networks 36 may connect with one or more of ^ signal combiners 66, a plurality of DCPA modules 68, and 

feeder earth stations 12. A network DAMA and control a signal combiner 70. 

center (NDCC) 40 may be used to monitor and control the In operation, the combined IF signal from combiner 48 

communications traffic of feeder earth stations 12 as (FIG. 2) is divided by power divider 60 among band pass 

explained in greater detail below. filters 64. Within a feeder earth station 12, the passbands of 

Referring now to FIG. 2, a block diagram of various 45 filters 64 differ from each other so that each baud pass filter 

components of communication system 10 illustrates use of 64 separates a portion of the total IF spectrum, in effect 

Dynamic Carrier Power Allocation (DCPA) according to the separating a number of the individual IF carriers. As such, 

present invention. Preferably, satellite communication sys- the plurality of filter groups 62 separates and groups together 

tern 10 uses a multi-carrier per repeater, demand-assigned all those IF carriers (component signals) which will be 

transmission architecture. All signal carrier frequency/ 50 retransmitted by the same satellite repeater section 18. 

channel assignments to feeder stations 12 and end-user Combiners 66 combine the outputs of all the associated band 

stations 20, in addition to system loading, are managed and pass filters 64 of a filter set 62 corresponding to a particular 

controlled by NDCC 40. Communication system 10 may repeater section 18 to form a composite IF signal. Filters 64 

have only a single feeder earth station 12 in which case are labeled 1 — 1 through 1-j, and m-1 through m-j, where 

NDCC 40 functionalities may be incorporated into the 55 the first number represents a designated repeater section and 

feeder earth station. the second number represents the particular spectral band of 

Feeder earth stations 12 transmit signals to end user th e filter, 

stations 20 via one or more repeater sections 18 (numbered The output of each combiner 66 (i.e, composite IF signal 

one through "m") of satellite 16. Satellite 16 receives uplink for a particular repeater) will vary depending upon the 

signals via receiving antenna 26 and allocates them to one or 60 number of active channel units 46 designated for a particular 

more repeater sections 18 based on the carrier frequency of repeater section 18. After being combined by a correspond- 

the signal. Each repeater section 18 converts the signals to ing signal combiner 66, each composite IF signal is ampli- 

a downlink frequency and may use a fixed gain amplifier to fied by a corresponding DCPA module 68 described in 

prepare the signal for retransmission via one or more beams greater detail with reference to FIGS. 4 and 5. For systems 

to end user stations 20. One of ordinary skill in the art will 65 with a single feeder earth station, DCPA modules 68 operate 

recognize that the blocks representing satellite repeaters 18 autonomously to control the gain applied to the signals 

as shown in FIG. 2 are only functional representations for based on the current loading of each repeater section. For 
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systems with multiple feeder stations, DCPA modules 68 When the traffic loading for the associated repeater exceeds 

operate under the control of the system NDCC through the threshold level, the DCPA module returns to the zero 

commands 80 as explained in greater detail with reference to relative gain operation which corresponds to the gain for full 

FIG. 4. load conditions. In this manner the DCPA module of the 

Output signals of DCPA modules 68 are then combined by 5 present invention imparts at least some (or all) of the unused 

combiner 70 to produce another composite IF signal which transponder power to the signal carriers present to improve 

is applied to upconverter 52 and high power amplifier 54 system performance. 

(best illustrated in FIG. 2). Preferably, HPA 54 operates in a FIG. 4 is a functional block diagram illustrating a DCPA 
multi-carrier, linear mode to amplify the resulting composite module according to the present invention. Tbe DCPA 
signal (composed of multiple IF signals) to a power level 10 module illustrated may be used in both ground-based and 
suitable for transmission via antenna 22 to one or more satellite-based applications. DCPA module 68 includes a 
repeaters 18 of satellite 16. Each repeater 18 receives a selectable-gain amplifier 82 which receives its input from 
portion of the uplink signals having frequencies falling one °f toe signal combiners 66. DCPA module 68 also 
within its predetermined frequency range. The signals are includes a detector 84, a reference signal source 86, com- 
tbcn amplified and converted to downlink frequency signals 15 parator logic 88, and a command receiver 90. Tbe composite 
for re-transmission via antenna 32 to end user stations 20. from oombiner 66 represents one set of signal 
Other than tbe modifications to implement the DCPA as carriers pasang through a particular satelhte repeater which 
described above, the remaining functions of the feeder 15 82 >^ outout of w^ scontmu- 
stations are performed in the traditional manner. ous y sampled by detector 84. The ^output of detector 84 is 
, , . .„ . applied to comparator logic 88 which compares it to a 
In the prior art commumcaUon systems, every IF signal ^ refcreQCC valuc geQcrated by reference source 86. The 
from every channel unit in each feeder earth station is treated reference value preferably represents the 100% traffic load- 
equally and is allocated a fixed amount of power amplifi- mg conditions for the associated repeater. The reference 
cation from the HPA's regardless of how many other carriers value may be modified by a calibration 94 generated by 
are present at tbe time. The end-to-end link through each command receiver 90 in response to a an NDCC command 
satellite repeater is engineered accordingly to deliver the 25 80 for those systems utilizing multiple feeder stations and a 
required performance as if each repeater is 100% loaded NDCC. Comparator logic 88 determines its output based on 
with traffic so the repeater power would be fully exhausted. the inputs from detector 84 and reference source 86 accord- 
When the traffic loading is not at 100%, each carrier still ing to a loading algorithm based on the particular applica- 
transmits to tbe satellite with the same fixed level. Being a tion. 

linear channel end-to-end, only a fraction of the repeater 30 Preferably, before any one of the satellite repeaters is put 
power in proportion to the number of uplinked carriers is into service, power is applied to the associated DCPA 
utilized, with the remainder of the power being left idle. modules (whether part of the repeater on the satellite or part 
According to the present invention, each DCPA module of the feeder earth station on the ground). After performing 
68 (in a system with a single feeder earth station) monitors a self-test and initialization, the DCPA module is configured 
the loading condition of its associated repeater and auto- 35 for an appropriate full-load (zero relative) gain and DCPA 
matically chooses its operating gain position accordingly. threshold gain based on a predetermined DCPA threshold 
For best system performance the DCPA module is preferably loading value. Because there is no traffic (and therefore no 
implemented with a bi-modal gain capability. A first oper- input signal from combiner 66), there is also no output from 
ating point corresponds to a loading range between a pre- DCPA amplifier 82. Detector 84 gives a no-output value to 
determined DCPA threshold and a point representing 100% 40 comparator logic 88 which compares this signal with the 
loading. This point may be referred to as the zero relative output from reference source 86. Since the traffic loading is 
gain point because the present invention preferably provides below the DCPA threshold, comparator logic 88 selects the 
no additional gain when loading is within this range. While DCPA threshold gain as the initial operating state for amp li- 
the traffic loading is below the DCPA threshold, a fixed fier 82. For most systems tbe relative gain applied when the 
relative gain is applied to all signals assigned to that par- 45 traffic is below the DCPA threshold is preferably in a range 
ticular repeater. To avoid operational degradations, the of about 2 to 4 dB above the gain value for full-load 
DCPA threshold level should preferably be kept within a conditions. 

range of about 40-70% of the full loading conditions. For Assuming a 3 dB relative gain at the time of initial 

any particular operating point, the DCPA module operates configuration, DCPA module 68 will increase the power 

like a fixed-gain amplifier. As long as the transponder/ so level of every signal carrier passing through it by 3 dB. This 

repeater loading conditions are below the threshold level, will continue as long as the output power of amplifier 82 (as 

the DCPA module increases the level of every associated monitored by detector 84), remains at least 3 dB below the 

carrier by a selectable constant DCPA gain amount, regard- full-load power value. The relative gain is in addition to the 

less of tbe actual level of the total loading. gain that would normally be applied to each carrier to 

As an example, with a DCPA threshold value of 50%, the 55 properly drive the associated HPA assembly under full-load 

DCPA module will provide a fixed relative gain, such as 3 conditions. When the total loading in the associated repeater 

Db, when the total loading in a particular repeater is below approaches the DCPA threshold value (50% in this 

50% of iis maximum value. This additional gain will be example), the power output of amplifier 82 will approach the 

provided as long as the total loading stays below the DCPA full-load power level represented by reference source 86. At 

threshold level (50% in this example). As such, the DCPA 60 this point, comparator logic 88 commands amplifier 82 to 

module increases the level of every associated IF signal by switch to the zero relative gain state, lowering the carriers 

a fixed 3 dB amount. This increase will directly result in a back to their nominal (non-DCPA aided) values. This elimi- 

corresponding 3 dB increase in power by the associated HPA nates the possibility of over-driving the repeater HPA assem- 

wbich transmits the carriers to the satellite. For non- bly and attendant signal degradations as traffic loading 

regenerative satellite payloads, this in turn will drive the 65 continues to increase past the threshold level, 

repealer proportionately higher and result in a 3 dB increase The zero relative gain slate continues until the repeater 

in the transmitted power of the downlink for each carrier. loading reverses direction and drops below the DCPA 
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threshold, at which point amplifier 82 is commanded to 
change to the DCPA relative gain (3 dB) state. Operation 
continues in this manner automatically and indefinitely in 
response to the current traffic loading conditions. Of course, 
sufficient hysteresis is preferably built into the control loop 5 
to prevent unnecessary switchings between the gain states. 
As such, the embedded software and intelligent algorithm of 
the comparator logic sub-unit should be carefully designed 
to achieve reliable and stable operation of the DCPA-Driver 
amplifier. 10 

For ground-based implementations with multiple feeder 
stations, the operation of DCPA module 68 is under direct 
control of NDCC 40 through NDCC commands 80. For 
these applications, comparator logic 88 is placed in a manual 
mode where it follows the NDCC commands 80 to set the 15 
gain of amplifier 82. The NDCC generates commands for 
DCPA module 68 based on the traffic loading conditions of 
a particular repeater which may originate from one or more 
of the feeder earth stations 12. As such, the NDCC selects 
either the zero relative gain or the DCPA threshold gain 20 
based on the DCPA loading threshold of each associated 
repeater. As described above, prior art systems typically 
proportionately allocate payload power among the repeater 
sections and the signal carriers assuming a full-load 
condition, i.e. the maximum number of carriers are present 25 
During off-peak hours, much of the available payload power 
is unused and left idle. According to the present invention, 
this available idle power may be used to improve the quality 
of service and link availability for those carriers that are 
actually in use. This is accomplished by the ground-based 30 
DCPA which provides for more efficient use of the expen- 
sive satellite payload power. 

For new systems or those that are in the design and 
construction stage, the present invention can be integrated 
with the satellite payload. In such cases the traditional driver 35 
amplifier module preceding every HPA amplifier assembly 
will be replaced by a new DCPA-Driver amplifier module. 
While traditional driver amplifiers working with single- 
carrier-saturated transponders employ a measure of 
automatic-gain-control to keep the HPA driven to saturation 40 
against a limited amount of uplink signal attenuations, all 
multi-carrier demand-assigned satellite systems (as the tar- 
get of the present invention) operate each repeater or tran- 
sponder in a linear mode below saturation. In such cases, the 
driver amplifier cannot be used to react to variations in the 45 
level of many uncorrelated input carriers. Therefore, the 
multi-carrier demand-assigned systems must utilize a single 
fixed gain at all times for proper operation of the system. The 
DCPA-driver amplifier module of the present invention will 
in effect operate with a special gain-control function having 50 
a gain value which is determined not by variations in the 
received level of the collective or individual carriers, but 
based on the instantaneous loading conditions relative to the 
maximum permissible loading level. Under nominal 
conditions, operation of the satellite-based DCPA-Driver 55 
amplifier is fully automatic and is done without any input 
from the NDCC, regardless of the particular ground segment 
configuration. However, to provide for more accurate 
operation, and to provide a measure of choice and control in 
selection of different threshold level values, the driver 60 
amplifier module is preferably equipped with both a cali- 
bration and a gain-selection capability. The NDCC gain-set 
command 92 may be used to: (a) disable the DCPA function 
by resetting the amplifier to its nominal gain position, and 
(b) select a different DCPA threshold level. Through cali- 65 
bration command 94, DCPA-driver amplifier module 68 can 
be calibrated for the accuracy of reference source 86 and its 
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overall gain for optimum performance. As will be appreci- 
ated by one of ordinary skill in the art, the satellite-based 
version of DCPA-driver amplifier module 68 is generally 
designed for RF frequencies rather than the much lower IF 
frequencies for the ground-based version. 

In many satellite systems, the return transmissions from 
all individual end-user stations back to the feeder earth 
station(s) will go through one or more satellite repeaters 
under similar conditions as discussed for the forward direc- 
tion. In such cases, the return repeater is also sized for its 
power rating under the full traffic loading conditions. The 
DCPA of the present invention can also be employed with 
such repeaters but only as part of the satellite repeater. 
Similar benefits in terms of improved link quality and 
availability will also be realized in such cases, A ground- 
based implementation for the return direction would be very 
difficult, if at all possible, as the return carriers are trans- 
mitted by thousands of end-user stations on an individual 
basis. As such, the only point where they are accessible as 
a set is in the satellite. 

FIG. 5 illustrates an alternative representation for a sys- 
tem and method of improving utilization of satellite payload 
power according to the present invention. As will be appre- 
ciated by one of ordinary skill in the art, the various 
functions illustrated in FIG. 5 may be performed in appro- 
priate hardware, software, or a combination thereof. The 
system and method is illustrated in a consecutive fashion for 
convenience only. As such, the order of the functions illus- 
trated may not be necessary to accomplish the objects, 
features, and advantages of the present invention. 

Block 100 of FIG. 5 represents grouping of a variable 
number of user carriers into at least one group of signals 
corresponding to each satellite repeater. Each group forms a 
first combined signal which has an associated aggregate 
signal level. As illustrated and described with reference to 
FIGS. 1-4, grouping may be performed by filtering the user 
carriers to generate component signals based on predeter- 
mined frequency ranges associated with each repeater,, as 
represented by block 102. When those applications employ 
more than one feeder earth station, block 100 may include 
grouping user carriers from all of the feeder earth stations 
and the corresponding groups where each group corresponds 
to one of the satellite repeaters, as represented by block 104. 

The current loading for each repeater is determined as 
represented by block 106. If the aggregate loading across all 
feeder stations for a particular repeater is less than a thresh- 
old as represented by block 108, the DCPA gain is applied 
as represented by block 110. If the current loading for a 
repeater is above the threshold (with appropriate hysteresis), 
the additional gain is not applied. Rather, the nominal gain 
is applied to the signal as represented by block 112. To 
determine whether the aggregate loading for a particular 
repeater is greater than the predetermined or adjustable 
threshold, the combined signal may be compared to a 
corresponding reference signal as described and illustrated 
in detail above. When the reference signal exceeds a signal 
representing the aggregate loading level for a repeater, a 
predetermined gain is applied as represented by block 110. 
Note that the nominal gain, represented by block 112, is 
applied whether or not the increased gain is applied. As such, 
block 112 represents a zero-relative gain or nominal gain. 

The amplified signals are combined to form a second 
combined signal for transmission to or from the satellite as 
represented by block 114. The combined signal is then 
transmitted via the satellite, as represented by block 116. For 
ground-based implementations, the functions represented in 
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FIG. 5 would be performed within the feeder earth station. 
Of course, for satellite implementations, the functions of 
FIG. 5 would be performed by the satellite. 

It is to be understood, of course, that while the forms of 
the present invention described in this document constitute 
the preferred embodiments of the present invention, the 
descriptions are not intended to illustrate all possible forms 
thereof. It is also to be understood that the words used are 
words of description, rather than limitation, and that in 
actual practice various changes may be made to meet the 
needs of every system without departing from the spirit and 
scope of the present invention, which should be construed 
according to the following claims. 

What is claimed is: 

1. A system for improving utilization of satellite payload 
power in a communication system having at least one uplink 
signal representing a variable number of user carriers, the 
uplink signal being transmitted from at least one feeder earth 
station to at least one end user station via a satellite having 
at least one repeater, the system comprising: 

a splitter to divide the uplink signal into at least one group 
corresponding to each repeater; 

at least one filter set corresponding to each group, the 
filter set being in communication with the splitter to 
separate the variable number of carriers by frequency 
bands corresponding to each group; 

at least one combiner in communication with a corre- 
sponding filter set for combining carriers associated 
with each repeater to produce an aggregate signal; and 

at least one amplifier in communication with a corre- 
sponding combiner, the amplifier having a controllable 
gain based on the aggregate signal such that the gain is 
increased when the aggregate signal level is below an 
associated threshold to improve power utilization in the 
corresponding repeater. 

2. The system of claim 1 further comprising: 

a signal combiner in communication with all the ampli- 
fiers for generating a composite signal. 

3. The system of claim 1 wherein the at least one feeder 
earth station includes a plurality of feeder earth stations, the 
system further comprising: 

a central network controller in communication with the 
amplifiers for controlling gain of each amplifier based 
on an aggregate traffic load of the plurality of feeder 
earth stations corresponding to each repeater. 

4. The system of claim 3 wherein the central network 
controller increases the gain of each amplifier which is 
below the threshold by about two to four decibels. 

5. The system of claim 1 wherein each amplifier applies 
a nominal gain to the aggregate signal when the aggregate 
signal is above the threshold and an increased gain when the 
aggregate signal is below the threshold. 

6. The system of claim 1 wherein each of the at least one 
amplifier comprises: 
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a detector for sampling output of a corresponding ampli- 
fier and generating an output level signal in response 
thereto; 

a reference source for providing a reference signal indica- 
5 rive of a desired level corresponding to the full-load 
output of the amplifier; 

a comparator for comparing the output level signal and 
the reference signal and generating a gain control signal 
in response thereto, the gain control signal controlling 
10 the gain of the amplifier; and 

a command receiver for receiving signals from a central 
network control center to control the gain of the ampli- 
fier according to traffic loading by the feeder earth 
stations. 

15 7. The system of claim 1 wherein the at least one splitter, 
the at least one filter set, the at least one combiner, and the 
at least one amplifier are disposed within a satellite. 

8. A method for improving utilization of satellite payload 
power in a communication system using at least one uplink 
signal representing a variable number of user carriers, the 
uplink signal being transmitted from at least one feeder earth 
station to at least one end user station via a satellite having 
at least one repeater, the method comprising: 

^ grouping the variable number of user carriers into at least 
one group of signals corresponding to each repeater, 
each group forming a first combined signal having an 
associated aggregate signal level; 
amplifying each first combined signal having an aggre- 
30 gate signal level below a threshold level; and 

combining the at least one group of signals to form a 
second combined signal for transmission via the satel- 
lite. 

9. The method of claim 8 wherein the step of grouping 
35 comprises: 

filtering the user carriers to generate a plurality of com- 
ponent signals based on a corresponding plurality of 
predetermined frequency ranges associated with each 
repeater. 

40 10. The method of claim 8 wherein the at least one feeder 
earth station comprises a plurality of feeder earth stations 
and wherein the step of grouping comprises: 
grouping user carriers from all of the plurality of feeder 
earth stations into a plurality of groups, each group 
45 corresponding to one repeater. 

11. The method of claim 8 wherein the step of amplifying 
comprises: 

comparing each first combined signal to a corresponding 
reference signal; and 
50 applying a predetermined gain to each first combined 
signal having a corresponding reference signal which 
exceeds the aggregate signal level of the first combined 
signal. 

* * * * * 
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[57] ABSTRACT 

In a hybrid matrix amplifier array (1M). the amplitude of 
each of a plurality of input signals is measured (132-136. 
262). In response to the signal amplitude measurements, an 
overload condition mat will result in an amplifier overload 
in said hybrid matrix amplifier array is estimated (2*4. 2*6. 
138). m response to the estimation of me overload condifioa, 
the signal amplitude of at least one of the plurality of input 
signals is modified to prevent the overload condition in the 
hybrid matrix atnpUfier array. An overload condition may be 
estimated if the sum of the ampHmdes of the input signals 
exceeds a threshold (296). In one embodiment, all input 
signals are modified by proportionately reducing the ampli- 
tude of each of the plurality of input signals (3*4). 

19 Claims, 7 Drawing Sheets 
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METHO D AND SYStkM FOR PREVENTING Id summary, any power received at an input pert is 

AN AMPLIFIER OVERLOAD CONDITION IN divided equally between the output ports of the coupler, and 

A HYBRID MATRIX AMPLIFIER ARRAY signals transmitted by the output ports have a phase differ- 



FIELD OF THE INVENTION 



ence. 



5 There are several ways to construct coupler 36. One way 

The present invention is related in general to signal is to use shielded (double ground plane) stripiines or imaos- 

ampimc^c^ and more partknlarly to an improved method triplines. This stripdine coupling technique is schematically 

aad system for preventing an anmimer overload condition in represented in FIG. 3 and described in U.S. Pat. No. 3.731. 

a hybrid matrix amplifier array. 217 to Gerst et aL (1973). which is incorporated herein by 

BACKGROUND OF THE INVENTHDN 1 lrfefWk *' 

A . ... . „_ . „ . * With reference now to FIG. 4. a 4x4 Fourier Transform 

-1 Tf!? " * P*™^^ * Matrix is illustrated As illustrated. Fourier Transform 

^^^^J ^^^ COm ^^ 1 ^' Matrix 4t inchides four couplers 3* collected as shown. 

c^!2£j!^^ u Such a 4x4 transform matrix has four inputs and four 

configuration of a hybrid matrix amplifier 2t is shown in u outputs 
FIG. L Hybrid matrices 22 and 24 connected in the manner \™ . ^ M A 

shown create information paths-^extending from I to FIG. 5 shows a 4x4 transform matrix known as a Butler 
O.-^ axe sepanrteia the input pom ^T^<Tt£^ tS^H^ 

used to amplify sigaais. lira 20 g ^^^^?f^^^ g t ^^ m45 °P h ^ 

are distributed evenly in amplitude, and have a specific shift f s * Bmte mMtrix * 18 to 45 a 450 ***** 

phase relationship acccrding to matrix. 

entered. When amplifier array 26 is configured between Referring again to FIG. L an amplifier in amplifier array 

matrices 22 and 24. aQ amplifiers in amplifier array 26 share 2f haa ac«rw>pc*tioiial to a desi^ parameter referred to 

the amplification of the signal on the path l t to O,. as well *s * * peak to average ratio. This peak to average ratio 

as signals on all other n-1 paths. compares the peak power output capability of the amplifier 

A basic building Mock of many transform matrices is a to the average power the amplifier is designed to sustain. A 

90° hybrid- or 3 dB coupler, which is shown scheniaticaliy ***** P"* P 0 *^ whkh peak to average ratia 

mFKS.2asc«mkr36.Coupla3thasfoiv requires larger or iwKe cxpensrve components a 

ports. A aadB.aad two output pcrts^ Y t and Yj. Coupler 3# 30 fi^ 1 ^ *> «nplifier designed for a higher peak to average 

is typically linear and reciprocal. Because of the reciprocal ***** " morc expensive and more difficult to design, 

nature of coupler 3#, input ports A and B can be inter- In an effort to reduce amplifier cost, amplifier designers 

changed with output ports Y, and Yj. The coupler also has may include a dipping circuit before the amplifier to limit 

a given characteristic bandpass and characteristic imped- the instantaneous output signal amplitude to a jpredetermined 

ances at the ports. 15 value, regardless of the amplitude of the signal 

In operation, if signal A is received at input port A of u P ut *** cupper circuit. Thus, the clipper circuit guar- 

couita 30. the power or energy cl the sigr^ antees that the input to the amplifier win never exceed a 

equal quantities, with one quantity led to output port Y t and fixed amplitude, thereby preventing an overload condition, 

the other fed to output port Yj. The signal phase of the power Whco "J** ^fc 0 * 1 10 *fflptifi«" is limited to this fixed 

transmitted from output port Y a is delayed by 90 electrical 40 amplitude, the cutiart cf u^ arnplifier is also limited, assum- 

degrees. or onc-quarterof an operating waveio^th. from the m 8 °) e unplifier has a fixed gain. If the amplifier output 

signal phase of the power transmitted from output port Y v amplitude is limited to a predetermined maximum, the 

Similarly, if the power of signal B is received at input port amplifier may be easier to design and cheaper to construct 

B. the power of the signal is split into two equal quantities. ^ If hybrid matrix amplifier 2* is used in a system, such as 

with half of the power fed to output port Y t and the other a communications system, wherein signals on input parts I,, 

half fed to output port Y^ And the signal phase of the power have a peak amplitude at different times, the problem of 

from signal B transmitted from output port Y, is delayed by detecting and preventing an overload condition in amplifier 

90 electrical degrees, or one-quarter of an operating array 26 becomes a complicated one. Individually limiting 

wave length, from the signal phase of the power transmitted ^ the power at input ports I, using traditional methods may not 

from output port Y 3 . prevent an overload condition in the amplifiers in the 

Thus, if signal A is applied to input port A. and signal B amplifier array 26. Traditional dipping may fail because the 

applied to input port B. signals appearing at output ports Yj signals at input ports J^, are divided in amplitude and shifted 

and Y 3 are represented by the equations below. in phase by hybrid matrix 22 so that the signals to the 

55 amplifiers in amplifier array 26 include new combinations of 
y l= A z _9oo t b Z180# signals having new peak amplitudes that result in an over- 
NTT NT load condition. This new ccrnbination of signals is not easily 

calculated by examining the input signals to hybrid matrix 

= z-180°+-|^ z-90* 22. 

60 A solution to the problem of not being able to detect an 
appropriate clipping level for each input would be to clip or 
\ 1^90° =sqrt(-i) limit the input signal at a lower level so that an overload 

condition is less likely to occur in amplifier array 26. 
However, this additional dipping decreases the quality of 
As shown by the above equations, if signal power is 65 mc si 8n*l being amplified, 
simultaneously applied to input ports A and B. signal super- The quality can be quantified by a quality factor p. The p 
position occurs because the coupler is linear. quality factor is defined by: 
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outputs. It should be understood that transform matrix 102 
EHxy*) and inverse transform matrix 106 need not be square 

p ~ £(*»>Eto*) matrices, and any sire matrix larger than a 2x2 inatrix may 

be selected. Thus, matrices 102 and 106 may be nxm 
where x is the origuul real sigiiaLy^ 5 transf era matrices. 

q clipped signal), and y* is the complex conjugate of y. 'transform matrix 102 and inverse transform matrix 106 
According to a standard promulgated by the TelecomnnDi- may be innplemented with different types of matrices. For 
cations Industries Association/Electronic Industries example, a Fourier transform matrix or a Butler transform 
AssoriaticWIateriin Standard-95 (TIA/EIA/IS-95) entitled matrix may be used. Additionally, other transform matrices 
Mobile Station-Base Station Compatibility Standard for to that distribute signal power from one input to multiple 
Dual Mode Wide Band Spread Spectrum Cellular System. outputs in various phase relationships may be used. 
My 1993, the signal quality factor p must exceed 94.9% Amplifiers in amplifier array 104 receive a low level input 
(measured at the receiver). signal and output a high level signal mat substantially 

Therefore, a need exists for a method and system for matches the input signal. Amplifier uray 104 may be 
preventing an amplifier overload condition in a hybrid * s imptemented with amplifiers sold under part number 
matrix amplifier amy without overly reducing the quality "MHW927B~ by Motorola. Inc. of Schaumburg. DL. 
factor of the aropiified signal. 60196. For best performance, the amptiflers in amplifier 

array 104 should be matched in gain and phase delay. 

BRIEF DESCRIPTION OF THE DRAWINGS Bf^iif^ »FCTirirrfTB^itlrr^"^^in^ m»iy^ »»^ 

The novd feature believed cha^ 20 as its own inverse inatrix. inverse transform matrix 106 is 

are set forth in the appended claims. The invention itself. typically the same type and size as traiisform matnx 102. In 
however. as well asapreferredmoo^ hybrid ^^^^ 

aiid advantages thei«rf.wfflbert fonn **** 106 is to separate the airrplificd signals into 

to the following detailed description of an illustrative ^ (hVrete output signals. Tims, a signal inptM mto tn^fbrm 
embodiment when read in conjunction with the accompa- 25 matrix 102 may be refocused^^ 
nying drawings, wherein: transform matrix 106. 

ro.lisarngh-leveldeprt^ Traiisf orm 102 andjnverse transform mate 106 

^ ^ nuy urniiemeoted by transform matrices similar to ones 

ffln ?™ < * ; . ^ . . . . . „ sold under part number "580014- by Anaren Microwave. 

FK.2isaschematicrepreses«c«otfa » ^ m Syracuse, N.Y.. 13057. 

used in a transform matrix; signals input into transform matrix 102 come from the 

FIG. 3 is a h^level pictorial representation of the prior oatputs d/a (digital to analog) converters 

art coupler in FIG. 2; 108-112L In a CDMAcoinixiiinications system implemented 

FIG. 4 is a higb-kvd schematic representation of a prior ^ according to the Wideband Spread Spectrum Cellular Sys- 
art Fourier Transform Matrix; tern standard ELVTIA/IS-95. these D/A convatas are 

FIG. 5 is a high-level Mock diagram of a prior art Butler implemented with a D/A converter that converts 12-bit 
Transform Matrix; numbers to an analog output at the rate of 4.9152 conver- 

FIG. 6 is a block diagram of a hybrid matrix amplifier sions per second, 
iiicorporating the method and system for preventing an 40 Signals input into D/A converters 108-112 come from 
amplifier overload amdm^ ma attenuators, such as clipping circuits 114-11* Such attenu- 

and system of the present invention; atc« are used to reduce the ann^i^ 

FIG. 7 is a high-level logic flowchart which illustrates the ^^^^ 
overall iMthodof operation of the present mvention; drocdts U4 ~ u8 ^P^amfla^cit^si^in 

overall « <^™xon 01 w ^^^]^ i ^ response to the amplitude of the iin^ut signal m conjuwliwi 

HaSisahigh-tevellc*cflc*^wn^ 45 wwCn^amplitude^a^ 

embodiment of a portion of the flowchart of FIG. 7 in ^ on ahmaSe inpute ^ tnnsf cm matrix 102. As shown 
aocordance with the present invention; at reference numerals 120-124. each cupping circuit 

FIG. 9 is a high-level logic flowchart which illustrates 114-U8 receives an input representing at least the nmrdtriirte 
another embodiment of a portion of the flowchart of FIG. 7 ^ of other input signals that will be input into transform matrix 
in accordance with the present invention; and \Q2 

FIG. 10 is a high-level logic flowchart which illustrates a Delay blocks 126-130 are needed to correctly synchro- 
preferred embodiment of a portion of the flowchart of FIG. oize all input signals as each clipping circuit 114-110 
7 in accordance with the present invention. decides whether or not to clip its own input signal. 

^ mm 55 Preceding delay blocks 126-130 are estimators 132-136. 

DETAILED DESCRIPTION OF THE ^ rf estimators 13^136 is to measure the ainpli- 

1NVENTION tude of the corresponding input signal. In a digital system. 

With reference now to the figures, and in particular with amplitudes may be determined by examining the bits of the 
reference to FIG. 6, there is depicted a schematic represen- digital sample, excluding the sign hit Amplitude measure- 
tation of a hybrid matrix amplifier in accordance with the 60 ments from estimators 132-136 are coupled to overload 
method and system of the present invention. As illustrated condition detector 138. 

hybrid matrix amplifier 100 includes transform matrix 10Z Overload condition detector 138 estimates that an over- 
which has output ports coupled to amplifier array 104. The load condition will occur in amplifier array 106 if input 
outputs of amplifier array 104 are coupled to input ports of signals are not clipped or otherwise attenuated by clipping 
inverse transform matrix 106. In the embodiment shown in 65 circuits 114-118. In one embodiment of the present 
FIG. 6, transform matrix 102 and inverse transform matrix invention, an overload condition is estimated by summing 
102 are 4x4 transform matrices having four inputs and four the amplitude of the input signals and comparing the sum to 
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a threshold. M n By comparing a sum to a threshold, the amplifier according to an embodiment of the present inven- 

detection of an overload condition is more of an In tion. As illustrated, the process starts at Mock 226 and 

other embodiments, the amplitude splitting and phase shift- thereafter proceeds to block 222. As illustrated at block 222 

ing that occurs in transform matrix can be considered to get and 224, the process *ttmp* to locate the smallest input 
a more accurate estimate of whether or rjot a signal input into 5 signal that may. by itself, be *ttrfi#tH or cupped to reduce 

an amplifier in amplifier array 1*6 will cause an amplifier the summed amplitude to a level equal to or below threshold 

overload condition. M r As depicted at block 226. the process determines 

With regard to die input signals, they are formed at whether or not any single input signal may be clipped to 

<u« 146-144 by qTTwming several input signals in the eliminatr an overload condition. If a single input signal a, 

form of serial streams of digital data. In a CDMA commu- to may be cupped, the process dips one input signal by an 

ideations system, these data streams may include pilot, page amount necessary to reduce the summed ararJftuA» to a 

and sync g^nnri^ along with any traffic <**nn*i« These value equal or less than threshold M r as illustrated at block 

data streams are shown as MCC1-MCC20 in FIG. 4. 228. Thereafter, the process returns to block 282 in FIG. 7. 

m a hybrid matrix amplifier having complex input signals. ** deputed at block 23$. 
the circuitry in box 17$ may be implemented with the 13 If it is not possible to chp only one input signal to reduce 

circuitry shown in block 172. Copping circuit 118 in block the summed amptitnde to at least threshold the process 

172 is the same as in block 171. The output of clipping rtcfrrminrs whether or not two input signals may be reduced 

circuit 118 is coupled to frequency spreaders 174. which in magnitude to reduce the sum *mpHtmV- to a value equal 

up-converts base band digital signals at 192 kilo-samples to or less than threshold M r As illustrated in block 232 and 
per second to 1.2288 raega-samples per second. After the 20 234. die process selects the two smallest input signals that 

up-cooverting process. 4X interpolator filter 176 increases may be used to reduce the sum •mpifrKfr As depicted at 

the sampling rate by four times without increasing the block 236. the process determines whether or not two input 

spectrum bandwidth. Following up-converting filters 176. signals may be reduced m amplitude to reduce the summed 

(figital to analog converters 178 convert IQ signals from the amplitude to a value equal to or less than threshold M r If 
digital domain to the analog dcanair^ 25 only two channels may be reduced in *™flitnA+ to prevent 

in the analog domain, the signals are fed into a quadrature the overload condition, the two input signals having the 

RF up-cunvater. as shown at reference numerals 188 and smallest combined amplitude are selected and reduced in 

182. Trieref ore, me output of block 172 is a radio frequency magnitude by an equal amount, as illustrated at block 238. 

signal that coaforms to the TIA/EIA/IS-95 specification at Following the cupping of the two selected input signals that 

the center frequency of q\>. 30 allow the arnplmtrtft to be reduced below the threshold, the 

In hybrid rnatrix amplifier 180. inverse transform matrix process returns to block 282 in FIG. 7. as depicted at block 

186 is the same as transform matrix 182. Because the same 246. 

matrix is used as its inverse, input signals from EVA 188 arc If. at block 236. the process detennines that no two input 

refocused at output 154 on inverse transform matrix 186. signals may be reduced in amplitude by a conftined value 

Similarly, output signals from IVA 116 are refocused at large enough to reduce the summed amplitude to a value 

output 152. and output signals from IVA 112 are focused at equal to a below threshold the process selects the largest 

output 158. Also shown in the example of FIG. 6. is an of the three input signals, as illustrated at block 242. 

unused input port on transform matrix 182 that is terminated Thereafter, the process sets the largest of the three input 

by resistor 146. Because one input of transform matrix 182 signals equal to a value that is half of threshold and sets 

is terminated by resistor 146. a corresponding output of 40 the other two input signals to a value equal to one-quarter of 

inverse transform matrix 186 must also be terminated by a threshold as depicted at block 244. Thus, the largest 

resistor, such as resistor 148. Because there is no input signal is cupped the most if it is necessary to clip all three 

power at the input of transform matrix 182 that is connected input signals. In this embodiment, the largest signal remains 

to resistor 146. there should be no output power refocused the largest signal after the clipping operation, 

at the output connected to resistor 148, 45 Following the cupping of all three input signals at block 

With reference now to FIG. 7, there is depicted a high- 244. the process returns to block 282 in FIG. 7. as illustrated 

level flowchart that illustrates the method and operation of at block 240. 

the present invention As illustrated, the process begins at To summarize the operation of the embodiment shown in 

block 288 art thereafter passes to block 2tt wherein the M FIG. 8. the process locates the minimum number of input 

amplitude of each input signal is determined sig^ ^ ^ ^ cc attenuated by a value to reduce 

Next, the process sums the absolute value of the ampli- the summed amplitude to a value equal to or below threshold 

tude of each input signal, as illustrated at block 284 The M r If no single input channel can be dipped by an »m«inf 

amplitude of the input signals may be represented by the large enough to reduce the summed amplitude to a value 

var * ab k °i 55 equal to or below threshold the process tries to find two 

Next, the process compares the summed amplitude to a channels with the smallest combined of two channels that 

threshold. M T as depicted at block 206. If the summed may be reduced to a calculated amplitude to prevent an 

amplitude exceeds threshold M r the process modifies the overload condition. If no two input signals can be reduced 

amplitude of at least one of the input signals to prevent an to prevent the overload condition, the process replaces the 

overload condition in the hybrid matrix amplifier, as Olus- ^ amplitude of all three input signals with calculated 

trated at block 288. amplitudes, where the largest input signal is set to a larger 

FIGS. 8. 9. and 16. along with their descriptions below. value, 

describe different embodiments of the operation depicted in With reference now to FIG. 9. there is depicted a second 

block 288 of FIG. 7. embodiment of the method and system for modifying signal 

With reference now to FIG. 8. there is depicted the 65 amplitudes to prevent an overload condition in a hybrid 

process of modifying at least one input signal amplitude to matrix amplifier according to the present invention. As 

prevent amplifier overload condition in a hybrid matrix depicted, the process begins at Week 260, and thereafter 
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passes to Mock 262 wherein the process sorts the input which embodiment reduces me peak to average ratio for the 

signals by amplitude. In this example, letters A, B, and C same quality factor p. When p is set to 99.5%. the embodi- 

represent the nmr4f^w^ of the input signals, wherein A ment shown in FIG. 8 (clip only one signal if possible) yields 

represents me input signal wim the highest amplitude and C a 9.57 dB peak to average ratio for three input signals, and 

represents the power of the sigiialwim the lowest ainplitiide. s 9.9 dB for six input signals. The embodiment shown in FIG. 

At blocks 244 and 264. the process <y***™i~< whether or 9 (dip all signals by same amount if possible) yields a 93 

not all three input signals may be reduced equally by an dB peak to average ratio for three input signals, aad 9.69 dB 

amnni* accessary to reduce the ™>mwi amplitude to a for six input signals (p=99.5%). And. the preferred embodi- 

vaiue equal to or less than threshold M r ment shown in FIG. 10 (dip all inputs proportionately) 

If an three input signals may be reduced by the same |0 produces a 9.1 dB peak to avenge ratio for three input 

amount to prevent an overload condition, the process cal- signals and a 9.28 dB ratio for six input signals (p=995%X 

dilates the amount that wul be subtracted from each input Under me same test circumstances, but without clipping, the 

signal amplitude, as illustrated at bfock 268. Thereafter, all peak to average ratio was 11.17 dB for a three input hybrid 

input signals are reduced by the same amount as depicted at matrix amplifier and 10 J 8 dB for a six input hybrid matrix 

block 27t. After eliminating the overload condition, me »mptifw 

r*o^ returns to block 282 tf^ 13 j^nou^ the embodiments for preventing amplifier over- 

272. load condition shown in FIGS. 8 and 9. are illustrated with 

With nfa ^^^. block 264 if the * °~ an example using three input signals, embodiments using 

sigiialtfsniaflattiu^ addrton^u?^^ 

the same amount, me process determines wheteor^ the tf A inp^^ajTm 

werioadow^ a, tfvkleaTntotwot^ 

rnc*pc*veiMs^bymes^ threshold level such as M, and M* such that M^M.+M*. 

k^i»werMsignaltozero.asm ^ ^^4^ bfceks « used because Tsfc input 

276. «i gn*i « greatly increases the complexity of rf* pp *" g circuits 

If the two most powerful signals may be reduced by the 214-118 in FIG. 4. Complexity increases because each 

same amount in and a third least powerful signal reduced to ^ ctfppfog circuit 114-118 would receive signal 

zero, the process determines the magnitude of the input iirformatioci from five other input signals which would then 

signal reduction. Al. as depicted at block 278. After cateu- te u$cd to < ) eteiin j ne the appropriate clipping level at each 
latingAl. me process reduces the two most powerful signals 

dicing Ac t«o art powerful input sipuh ^nd ^ tbc *> ™^££^ B ^ 

not intended to be exhaustive or 

Sf ng £Jl!^ ^ JS* to limit theinWk* to the precise form disclosed. Modi- 

2t2 in FIG. 7. as dq^ a^ block » fications or variations are possible in light of the above 

Referring to Nock 274. if the raocess < ^ ai ^^^ c teachings. The embodiment was chosen and described to 

two signal* with the greatest amptade cannot provide the best Oliistrati^ 

magnitude equally to eliminate the overload con^ot^ the 35 ^ ^ ^n^c^ tpptication. and to enable one of ordinary 

process sets the highest an^UMlc ugnil cqual to thresho4d ^ the art to utilize the invention in various embodi- 

M r and sets the other two input signals equal to zero, as ^ ^ vtrjous ano fl flctn ons » are suited to the 

***** * ^ F 2, Vf™*^' ^J*?£Z retU ™ s to particular use coateropiated. AO such modifications and 

block 202 in FIG. 7, as illustrated at block 272. Variations are w^hi^loope of the invention as deter- 

Therefore, the process illustrated in FIG. 9. or att e nu a t es 40 miQaX ^ ^ appended claims when interpreted in accor- 

cups aU three input signals evenly even if only one signal dlI)Ce ^ ^ breadth to which they are fairly, legally, and 

could be clipped to eliminate and overload condition, ff all equitably entitled, 

three signals cannot be dipped evenly, two signals are what is «*«*™*t is: 

dipped by the same amount and the signal with the least 1. A method for preventing an amplifier overload condi- 

arxiptitude is set to zera And finally, if two ri 43 tion in a hybrid matrix amplifier array coomrising the steps 

clipped by an equal amount one signal is clipped and the of . 

two signals with the jeastanpttu^ are ***** "measuring signal arnphtodecfeachof apl^ 

With reference now to FIG. 18. there is depicted a thud shmalar 

and tnefe c cd embodiment of a process for modifying the , e tj . , . 4 . 

anmSude of input signals to euWean overload condition m response to sa^ s^ amp^ 

mTn^dn^an^u^ 50 » overioad condmoo that wfll fesuftin an 

tion. As illustrated, the process begins at block 388 and amplifier overload in said hybrid matrix amplifier 

thereafter passes to block 382. As illustrated in block 382. array; *ad 

the process calculates a total ftinp ti ' tlMl ' > by summing the in response to estimating said overload condition, modi- 
absolute value of all input signals. Next the process reduces tying said signal amplitude of at least one of said 
the amplitude of all three input signals by an equal 55 plurality of input signals to prevent said overload 
proportion, as depicted at block 384. The amount of this condition in said hybrid matrix amplifier array, 
proportionate reduction is calculated by dividing threshold 2. The method for preventing an amplifier overload con- 
Mr by the total amplitude. dition in a hybrid matrix amplifier array according to claim 

After reducing the amplitude of aU three input signals 1 wherein said step of estimating an overload condition that 

proportionately, the process returns to block 282 in FIG. 7. 60 win result in an amplifier overload in said hybrid matrix 

as illustrated at block 306. amplifier array indudes detecting that the sum of an absolute 

In the embodiment shown in FIG. 10. the rate of clipping value of each of said measured signal amplitudes exceeds an 

or input signal modification occurs more frequently and overload threshold. 

signals are reduced by smaller amplitude, compared to the 3. The method for preventing an amplifier overload con- 
embodiments shown in FIG. 8 and 9. 65 dition in a hybrid matrix amplifier array according to claim 
Because hybrid matrix amplifier 100 is not a linear 1 wherein said step of rnodifying said signal ainpdtude of at 
system, tests or simulations are necessary to determine least one of said plurality of input signals to prevent said 
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overload condition includes reducing the nmpliturfr of a claim It wherein said means for modifying said signal 

minimum number of input signals (hat cu be reduced in amplitude of at least one of said plurality of input signals to 

amplitude to prevent said overload condition. prevent said overload condition includes means for reducing 

4. The method for preventing an amplifier overload coo- the ampHmde of a gmtip nf inp*rf rf gn»i* wWin **** grnfp 
dition in a hybrid matrix amplifier array according to claim 5 of input «* g™>i« includes file mini mom number of input 

1 Wherein said Step Of modifying Said Signal amplitude of at signals with the mi'nmmm «imm*H impHtiA mjjt ryp bf 

least one of said plurality of input signals to prevent said reduced to rfiwrf—#» said ampKfor overload coodmoo. 

overload condition includes reduciag the Amplitude of a 13. The system for preventing an amplifier overload 

lowest amplfmrtr input signal that can be reduced in amptf- condition in a hybrid matrix amplifier array according to 

tude to prevent said overload condition. 1Q claim 8 wherein said means for modifying *i gnwi 

5. The method for preventing an amplifier overload con- amplitude of at least one of said ptnrality of input g grmU to 
dition in a hybrid matrix amplifier array according to claim prevent said overload condition includes m^n* for reducing 
3 wherein said step of modifying said signal ampHmrfr of at the amplitude of all of said input signals to prevent said 
least one of said plurality of Input signals to prevent said overload condition, 

overload condition includes reducing the amplitude of a 14 The system for preventing an amplifier overload 

group of input signals, wherein said group of input signals 15 condition in a hybrid matrix amplifier array according to 

includes the minimum number of input signals with the claim 8 wherein said means for modifying said signal 

minimum siimmrd amplitude that can be reduced to elimi- amplitude of at least one of said plurality of input to 

nate said amplifier overload condition. prevent said overload condition includes for proper- 

6. The method for preventing an amplifier overload con- tionatdy reducing the »wmifa"*» of all of said input signals 
dition in a hybrid matrix amplifier array according to claim 20 to prevent said overload condition. 

1 wherein said step of modifying said signal amplmirV- of at 15. A system for preventing an amplifier overload oondi- 

least one of said plurality of input signals to prevent said tion in a hybrid matrix amplifier array comprising: 

ovcric^ conditio a plurality input signal amplitude estimators, each 

dition in a hybrid matrix amplifier array according to daim a hybrid matrix amplifier array overload condition detec- 

1 whmtt «Mdq>nf mnritfying «IH jim phmA. n* «t tor coupled to each of said plurality of input signal 

least one of said plurality of input signals to prevent said power estimators for prc<iuciiig an overload condition 

overload includes raxportknately reducing the signal in response to detecting an amplifier overload 

amplitude of aD of said input signals to prevent said overload ^ condition; and 

condition, at least one attcaiator serially coupled to one of said input 

8. A system for preventing an amplifier overload condt- signals for reducing the power of said input signal in 
tion in a hybrid matrix amplifier array comp ri s i n g: response to said overload condition signaL wherein 

means for m easu rin g signal amplitude of each of a said amplifier overload condition is MfmW^t 

plurality of input signals; 3J 16c The system for preventing an amplifier overload 

mwnig far g*rim»ring at> wtrmH ranrft fK m that will n*n\t condition in a hybrid matrix amplifier array according to 
in an amplifier overload in said hybrid matrix amplifier chum 15 wherein said hybrid matrix amplifier array over- 
array in response to said signal amplitude measure- load condition detector includes: 

ments; and a summer for producing a total amplitude signal equal to 

means for modifying said signal amplitude of at least one 40 the sum the absolute values of aO input signal ampii- 

of said plurality of input signals to prevent said over- tudes received from said input signal amplitude esti- 

load condition in said hybrid matrix amplifier array in mators; and 

response to estimating said overload condition. a comparator for indicating an amplifier overload conch'- 

9. The system for preventing an amplifier overload con- tion in response to said total amplitude signal exceed- 
dition In a hybrid matrix amplifier array according to claim 45 ing a threshold. 

8 wherein said means for estimating an overload condition 17. The system for preventing an amplifier overload 
that will result in an amplifier overload in said hybrid matrix condition in a hybrid matrix amplifier amy according to 
amplifier array includes means for detecting that the sum of daim 15 wherein said at least one attenuator is a cupping 
an absolute value of each of said measured signal amplitudes circuit that includes means for reducing the amplitude of 
exceeds an overload threshold. M said serially coupled input signal in response to said over- 
It. The system for preventing an amplifier overload load condition signal and amplitudes of others of said 
condition in a hybrid matrix amplifier array according to plurality of input signals. 

claim 8 wherein said means for modifying said signal 18. The system for preventing an amplifier overload 

amplitude of at least one of said plurality of input signals to condition in a hybrid matrix amplifier array according to 

prevent said overload condition includes means for reducing claim 15 wherein each of said plurality of input signals is a 

the amplitude of a minimum number of input signals that can 35 series of digital samples. 

be reduced in amplitude to prevent said overload condition. 19. The system for preventing an amplifier overload 

11. The system for preventing an amplifier overload condition in a hybrid matrix amplifier array according to 
condition in a hybrid matrix amplifier array according to daim 15 wherein each of said plurality of input signals is 
daim 8 wherein said means for modifying said signal serially coupled to one of said attenuators, and each of said 
amplitude of at least one of said plurality of input signals to 60 attenuators includes amplitude attenuation means for reduc- 
prevent said overload condition includes means for reducing ing the amplitude of each of said plurality of input signals by 
the amplitude of a lowest amplitude input signal that can be a proportionate amount to eliminate said amplifier overload 
reduced in amplitude to prevent said overload condition. condition. 

12. The system for preventing an amplifier overload 

condition in a hybrid matrix amplifier array according to ***** 



NOTICE OF OFFICE PLAN TO CEASE SUPPLYING COPIES OF CITED U.S. PATENT 
REFERENCES WITH OFFICE ACTIONS, AND PILOT TO EVALUATE THE 
ALTERNATIVE OF PROVIDING ELECTRONIC ACCESS TO SUCH U.S. PATENT 

REFERENCES 



Summary 

The United States Patent and Trademark Office (Office or USPTO) plans in the near future to: 

(1) cease mailing copies of U.S. patents and U.S. patent application publications (US patent 
references) with Office actions except for citations made during the international stage of an 
international application under the Patent Cooperation Treaty and those made during 
reexamination proceedings; and (2) provide electronic access to, with convenient downloading 
capability of, the US patent references cited in an Office action via the Office's private Patent 
Application Information Retrieval (PAIR) system which has a new feature called "E-Patent 
Reference." Before ceasing to provide copies of U.S. patent references with Office actions, the 
Office shall test the feasibility of the E-Patent Reference feature by conducting a two-month pilot 
project starting with Office actions mailed after December 1, 2003. The Office shall evaluate the 
pilot project and publish the results in a notice which will be posted on the Office's web site 
(www.USPTO.pov) and in the Patent Official Gazette (O.G.). In order to use the new E-Patent 
Reference feature during the pilot period, or when the Office ceases to send copies of U.S. patent 
references with Office actions, the applicant must: (1) obtain a digital certificate from the Office; 

(2) obtain a customer number from the Office, and (3) properly associate applications with the 
customer number. The pilot project does not involve or affect the current Office practice of 
supplying paper copies of foreign patent documents and non-patent literature with Office actions. 
Paper copies of references will continue to be provided by the USPTO for searches and written 
opinions prepared by the USPTO for international applications during the international stage and 
for reexamination proceedings. 

Description of Pilot Project to Provide Electronic Access to Cited U.S. Patent 
References 

On December 1, 2003, the Office will make available a new feature, E-Patent Reference, in the 
Office's private PAIR system, to allow more convenient downloading of U.S. patents and U.S. 
patent application publications. The new feature will allow an authorized user of private PAIR 
to download some or all of the U.S. patents and U.S. patent application publications cited by an 
examiner on form PTO-892 in Office actions, as well as U.S. patents and U.S. patent application 
publications submitted by applicants on form PTO/SB08 (1449) as part of an IDS. The retrieval 
of some or all of the documents may be performed in one downloading step with the documents 
encoded as Adobe Portable Document format (.pdf) files, which is an improvement over the 
current page-by-page retrieval capability from other USPTO systems. 



Steps to Use the New E -Patent Reference Feature During the Pilot Project and 
Thereafter 

Access to private PAIR is required to utilize E-Patent Reference. If you don't already have 
access to private PAIR, the Office urges practitioners, and applicants not represented by a 
practitioner, to take advantage of the transition period to obtain a no-cost USPTO Public Key 
Infrastructure (PKI) digital certificate, obtain a USPTO customer number, associate all of their 
pending and new application filings with their customer number, install no-cost software 
(supplied by the Office) required to access private PAIR and E-Patent Reference feature, and 
make appropriate arrangements for Internet access. The full instructions for obtaining a PKI 
digital certificate are available at the Office's Electronic Business Center (EBC) web page at: 
<httD://www.uspto.pov/ebc/downloads.html> . Note that a notarized signature will be required to 
obtain a digital certificate. 

To get a Customer Number, download and complete the Customer Number Request form, PTO- 
SB125, at: http://www.uspto. gov/web/forms/sbO 1 25 .pdf . The completed form can then be 
transmitted by facsimile to the Electronic Business Center at (703) 308-2840, or mailed to the 
address on the form. If you are a registered attorney or patent agent, then your registration 
number must be associated with your customer number. This is accomplished by adding your 
registration number to the Customer Number Request form. A description of associating a 
customer number with an application is described at the EBC web page at: 
http://www.usDto.gov/ebc/reps tration pair html 

The E-Patent Reference feature will be accessed using a new button on the private PAIR screen. 
Ordinarily all of the cited U.S. patent and U.S. patent application publication references will be 
available over the Internet using the Office's new E-Patent Reference feature. The. size of the 
references to be downloaded will be displayed by E-Patent Reference so the download time can 
be estimated. Applicants and registered practitioners can select to download all of the references 
or any combination of cited references. Selected references will be downloaded as complete 
documents as Adobe Portable Document Format (.pdf) files. For a limited period of time, the 
USPTO will include a copy of this notice with Office actions to encourage applicants to use this 
new feature and, if needed, to take the steps outlined above in order to be able to utilize this new 
feature during the pilot and thereafter. 

During the two-month pilot, the Office will evaluate the stability and capacity of the E-Patent 
Reference feature to reliably provide electronic access to cited U.S. patent and U.S. patent 
application publication references. While copies of U.S. patent and U.S. patent application 
publication references cited by examiners will continue to be mailed with Office actions during 
the pilot project, applicants are encouraged to use the private PAIR and the E-Patent Reference 
feature to electronically access and download cited U.S. patent and U.S. patent application 
publication references so the Office will be able to objectively evaluate its performance. The 
public is encouraged to submit comments to the Office on the usability and performance of the 
E-Patent Reference feature during the pilot. Further, during the pilot period registered 
practitioners, and applicants not represented by a practitioner, are encouraged to experiment with 
the feature, develop a proficiency in using the feature, and establish new internal processes for 
using the new access to the cited U.S. patents and U.S. patent application publications to prepare 
for the anticipated cessation of the current Office practice of supplying copies of such cited 
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references. The Office plans to continue to provide access to the E-Patent Reference feature 
during its evaluation of the pilot. 

Comments 

Comments concerning the E-Patent Reference feature should be in writing and directed to the 
Electronic Business Center (EBQ at the USPTO by electronic mail at eRefCTmce@uspto.gov or 
by facsimile to (703) 308-2840. Comments will be posted and made available for public 
inspection. To ensure that comments are considered in the evaluation of the pilot project, 
comments should be submitted in writing by January 15, 2004. 

Comments with respect to specific applications should be sent to the Technology Centers* 
customer service centers. Comments concerning digital certificates, customer numbers, and 
associating customer numbers with applications should be sent to the Electronic Business Center 
(EBC) at the USPTO by facsimile at (703) 308-2840 or by e-mail at EBC@uspto.gov. 

Implementation after Pilot 

After the pilot, its evaluation, and publication of a subsequent notice as indicated above, the 
Office expects to implement its plan to cease mailing paper copies of U.S. patent references cited 
during examination of non provisional applications on or after February 2, 2004; although copies 
of cited foreign patent documents, as well as non-patent literature, will still be mailed to the 
applicant until such time as substantially all applications have been scanned into IFW. 

For Further Information Contact 

Technical information on the operation of the IFW system can be found on the USPTO website 
at http://www.uspto.gov/web/patents/ifw/index.html. Comments concerning the E-Patent 
Reference feature and questions concerning the operation of the PAIR system should be directed 
to the EBC at the USPTO at (866) 217-9197. The EBC may also be contacted by facsimile at 
(703) 308-2840 or by e-mail at EBC@uspto.gov. 





Nicholas P. Godici 
Commissioner for Patents 
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USPTO TO PROVIDE ELECTRONIC ACCESS TO CITED U.S 
PATENT REFERENCES WITH OFFICE ACTIONS AND CEASE 

SUPPLYING PAPER COPIES 



In support of its 21 st Century Strategic Plan goal of increased patent e-Govemment, beginning in 
June 2004, the United States Patent and Trademark Office (Office or USPTO) will begin the phase- 
in of its E-Patent Reference program and hence will: (1) provide downloading capability of the 
U.S. patents and U.S. patent application publications cited in Office actions via the E-Patent 
Reference feature of the Office's Patent Application Information Retrieval (PAIR) system; and (2) 
cease mailing paper copies of U.S. patents and U.S. patent application publications with 
Office actions (in applications and during reexamination proceedings) except for citations made 
during the international stage of an international application under the Patent Cooperation Treaty 
(PCT). In order to use the new E-Patent Reference feature applicants must: (I) obtain a digital 
certificate and software from the Office; (2) obtain a customer number from the Office; and (3) 
properly associate patent applications with the customer number. Alternatively, copies of all U.S. 
patents and patent application publications can be accessed without a digital certificate from the 
USPTO web site, from the USPTO Office of Public Records, and from commercial sources. The 
Office will continue the practice of supplying paper copies of foreign patent documents and non- 
patent literature with Office actions. Paper copies of cited references will continue to be provided 
by the USPTO for international applications during the international stage. 



Schedule 



June 2004 TCs 1 600, 1 700, 2800 and 2900 

July 2004 TCs 3600 and 3700 

August 2004 TCs 2 1 00 and 2600 



All U.S. patents and U.S. patent application publications are available on the USPTO web site. 
However, a simple system for downloading the cited U.S. patents and patent application 
publications has been established for applicants, called the E-Patent Reference system. As E-Patent 
Reference and Private PAIR require participating applicants to have a customer number, retrieval 
software and a digital certificate, all applicants are strongly encouraged to contact the Patent 
Electronic Business Center to acquire these items. To be ready to use this system by June 1 , 2004, 
contact the Patent EBC as soon as possible by phone at 866-217-9197 (toll-free), 703-305-3028 or 
703-308-6845 or electronically via the Internet at ebc@usDto.gov . 

Other Options 

The E-Patent Reference function requires the applicant to use the secure Private PAIR system, 
which establishes confidential communications with the applicant. Applicants using this facility 
must receive a digital certificate, as described above. Other options for obtaining patents which do 
not require the digital certificate include the USPTO's free Patents on the Web program 
(http://www.uspto.gov/patft/index.html). The USPTO's Office of Public Records also supplies 
copies of patents for a fee ( http://ebizl.uspto.gov/oems25p/index.htmlV Commercial sources also 
provide U.S. patents and patent application publications. 

For complete instructions see the Official Gazette Notice. USPTO TO PROVIDE ELECTRONIC ACCESS TO CITED 
U.S. PATENT REFERENCES WITH OFFICE ACTIONS AND CEASE SUPPLYING PAPER COPIES on the 
USPTO web site. 



